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PUBLISHERS' NOTE. 



The world-wide inleresl thai has been taken in Pro/. 
Roentgen's discovery of the marvellous properties o/ the X 
Ray prompted the publishers of this work to call on Dr. 
William J. Morton of New Fork, who had already been ac- 
knowledged the best X Ray expert in the United Stales, and 
urge hint to write the result of his investigations with the JC^ 
Ray for the benefitofthe many who desired reliable infer-, 
mation an this scientific discovery. 

The publishers have endeavored to present the work to the. 
public in a style which will be in keeping with the important: 
of the subject. 

All of the line illustrations contained in the work are from 
the dictation of the writers, and the half toned plates are re~ 
produced mechanically direct from the negatives of X Ra^ 
radiographs, taken by Dr. Morion. Much of the sharps 
ness and delicacy of the original negatives has been lost iA 
mpossible to make exact copies ^ 



the reproduction, 
the negatives. 

Mr. Edwin W. Hamm 
dered valuable assistance i 



r. Electrical Engineer, has re 
/he preparation of the work. 



As many doctors, surgeons, dentists and others c 






templating the addition of the X Ray apparatus to Iheir * 
laboratories. Dr. Morton wouhi be pleased to give any i7ifor- 
mation gained by his experiments on the selection of the bes. 
material, and thus save them loss of time and money in ex- 
perimenting with inferior apparatus. His address is Corner 
of Madison Avenue and 28th Street, New Vork Ci^. 
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PREFACE. 



There are some discoveries of a purely scientific 
nature that appeal only to a limited class, while 
others broadly affect the life and happiness of 
the liumau race aud thus become of nniversal 
importance. 

The discovery of Prof. Roentgen is unique in 
that it interests alike the scientific and non- 
scientific intelligent minds of all countries. To 
the world of science new problems as to the con- 
stitution of matter and the innermost secrets of 
electricity are suggested, while to the race at 
large is opened up a new means of diagnosis and 
relief of suffering and disease in the field of 
surgery. No wonder, then, that interest in this 
subject is universal. 

It is in the hope of satisfying the craving for 
information concerning the subject, even if but 
to a limited extent, that this elementary little 
book has been prepared. The difficnlties which 
have beset the way will be only too apparent to 
those who have experimentally followed the 
progress of the X Ray since its discovery, due to 



the fact that its phases have changed from day to 
day and are still changing. Under these cir- 
cumstances the writers can only ask from the 
reader kindly consideration for their work. What 
is here written in special regard to the X Ray 
is based upon Dr. Morton's actual and personal 
experimentation, even to the negatives from 
which the half-tone reproductions have been 
made. These in no instance have been retouched, 
but are purely mechanical reproductions. 

W. J. M. 
E. W, H. 
New York, Sept. ith, 1896. 



PART I.-DEFINITIONS. 

CHAPTER I. . 

THE VOLT. 

Many people feel that because they know noth- 
ing of a subject it must follow that it is very 
hard to understand. Anything of an electrical 
nature is viewed with especial awe because of 
the supposed mystery that surrounds it. It is 
true that we do not know just what electricity is, 
but neither do we know with certainty the why 
and wherefore of the other forces of Nature. If 
you are asked why an apple, loosened from its 
position on the tree, falls to the ground, you may 
answer : ^^ Because of the attraction of the Earth 
for the apple.'' But why has the Earth this 
attractive power? " Because," you will say, " of 
the Law of Gravitation." This is very true, but 
can you tell why each particle of matter in this 
universe gravitates toward every other particle ? 
No ! and there is no one who can. But we know 

the apple does fall to the ground, and we are able 

9 



to make use of the Law which governs its fall 
very mauy ways. 

So, although we are not sure as to just wl 
electricity is, we do know how to produce it aj 
how to bend it to our will, forcing it to sei 
messages around the world or to light up of 
streets and houses, to run our trolley cars 
produce the wonderful X Rays, 

Electricity, like other forces, can be measure 
and as its nature is different from that of otlw 
forces we must express its measurements in di 
ferent terms. Not being a substance, electricjl 
has no length, breadth or thickness, but it 1u 
other qualities which we should consider be^ 
going further. The first of these qualities 
pressure. 

If you have a water-tank on the roof of 
house and a pipe leading from it to the diffei 
floors, you will find that the water will flow fi 
the faucet on the ground floor in a strongs 
stream than from the faucet on the top flooj 
This is because the lower you go the greater ^ 
the head or pressure of the water. This pressuri 
is due to the weight of the column of water in th( 
pipes and is measured in pounds per square inch. 

In similar manner, if we have a source q 
electricity we will find that the electricity there' 
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xjduced will also be under /r^jjar^ and will try 

" find its own level " just as tlie water in the 

Bpes does. In tlie water system the supply at 

pe highest point is always trying to reach the 

level of that at the lowest point, and the greater 

te difference in height between the upper and 

tower points the greater will be the water pressure. 

E& the electric system the electricity at the point 

Most highly charged is always trying to find its 

f way to the point least charged, and the greater 

I the difference between these t\\'0 points the greater 

I -will be the eUxlrical pressure. This pressure is 

) sometimes called tension or pofenlial difference 

r eleclrojnotive-foree. 

A certain amount of water pressure will be Ofie 

Pound per square inch ; a certain amount of 

electrical pressure will be One I 'oil. Electrical 

pressure cannot be measured in pounds, so we 

say, for convenience, that it will be measured by 

a unit which might have beeu given any name 

but which electricians call the X'olt. It is about 

the electrical pressure given off from one cell of 

Daniell's battery.' So if you are asked what the 

Volt is, you can answer : 

The Vol/ IS the practical unit of Electrical 
pressure. 

ar a description of the IJaniell battery see page jj. 



CHAPTER II. 
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thh amperk and thk coulomb. 

We have just seen how the force of a stream! 
of water would be greater ou the ground-floor otm 
your house than on the top-floor if the supply 
tank is ou the roof, due to the diflference 
pressure. And if you stop to consider you wil 
see that the water is coming out at the groun.^ 
I floor more quickly or at a greater ra/e thanS 
would on the top-floor. In other words, ■ 
you open the lower faucet the water may f 
out of the pipe at the ra/^ of 600 gallons 1 
hour, although you may only allow the str( 
to flow for one minute. In this case the ^uanit^ 
of water which would flow would be 10 galloa 

I Is this distinction between ra/c of flow an^ 
quanlily delivered perfectly clear to you ? 
Use another thought in this connection. Yot^ 
may be travelling on the Empire State Express^, 
train and ask the conductor how fast you are 
moving. He might say, " We are travelling at 
this moment at the rate of six thousand feet a 
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minute.'' But you can see that you will not 
have travelled six thousand feet unless the same 
rate of movement is continued for an entire 
minute. 

In a similar manner we have a current of 
electricity flowing along under a pressure of a 
certain number of volts and \h^\. pressure will 
cause the current to flow at a certain rate. If 
that rate of flow is continued for a certain length 
of time a definite quantity of electricity will have 
passed. 

We measure the rate of electrical flow by a 
unit we call the Ampere and the quantity that 
flows by a unit known as the Coulomb, When 
a current of electricity is flowing at the rate of 
One Ampere for an entire second, a quantity 
known as One Coulomb will have passed. 

Therefore : — An Ampere is the practical unit 
of rate of flow of electric current ; 

A Coulomb is the practical unit of electrical 
quantity. 



CHAPTER III. 
The ohm. 

It takes more of an effort to drag a box hold- 
ing a hundred pounds of earth along the road 
than a wheeled cart holding the same load, . 

A sewing-machine runs more easily when 
it is oiled up than when all the bearings are 
dry. 

More water will flow in ten minutes out of a 
large pipe connected to your roof-tank than out 
of a small pipe connected to the same tank. 

More water will flow in ten minutes from any 
pipe when the faucet is opened wide than when 
only half opened. 

The box meets vnth more /n'c/i'on or opposition 
or resistance ; the dry hearings of the sewing- 
machine also present greater obstacles for the 
same reason ; the small water pipe and the half 
opened faucet also mean more resistance to the 
flow of water. 

We measure frictional resistance by the work 
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Every current of electricity must flow along 
3ome path or through some substance, such path 
being knowu as a touductor. All substances are 
not equally good as conductors. For instance, 
metals are better conductors of electricity than 
jther substances, and some metals are better 
;onductors than other metals ; iron is better 
:liaii carbon, copper is better than iron, silver is 
jetter than copper. The better the conductor 
he less resistance it offers to the passage of an 
:lectric current, when both conductors are of the 
;anie length and area in cross-section. The 
■esistance which a conductor of a given size 
)tTers, as compared with a conductor of the same 
iize but of a different material, is known as its 
specific resistance. 

But a conductor of given size will have a dif- 
'erent resistance from another conductor of the 
iame material but of different dimensions. If 
A'e have two round copper wires, one 50 feet 
long and the other 100 feet long, but each having 
the same diameter, the resistance of the piece 
loo feet long will be twice as great as the piece 
50 feet long. If we have two round copper wires 
each 100 feet long biit one having a diameter 
twice as great as the other, the conductor having 
he smaller diameter will have twice the resist- 
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ance of the other. So we see that the g}-eater the 
length the greater the resistance and the greater 
the diameter the less the resistance. We measure 
electrical resistance by a unit called the Ohm^ 
which is of such a character that an electrical 
conductor having a resistance of one ohm will per- 
mit current to flow through it at the rate of oh^ 
amphe when under a pressure of one volt. This 
intimate connection between the volt, the ampere 
and the oh7n is expressed in Ohm's Law, as fol- 
lows : Current (in amperes) equals the Electro- 
motive-Force (in voltsj divided by the Resistance 

(in ohms). If C: = p^ then E = C x R and R = ^. 

So you see that if you know what any two of the 
terms are you can find the third term. 

Example: What is the resistance of a con- 
ductor through which lo amperes are passing 
under a pressure of 50 volts ? 

Answer: R — ^-- — 5 ohms. 

Example : How many amperes will flow 
through a conductor having a resistance of 25 
ohms under a pressure of too volts? 
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Example : How many volts will be required 
to force 15 amperes through a resistance of z 
Dhms ? Ansiver: E= 15x2 = 30 volts. 

Therefore :— 

The Ohm is the unit of electrical resistance. 



CHAPTER IV 



THE WATT. 



When we raise i poiind through lo f 
space we perform a certain aiitouut of wnrk ■ 
is the same whether we take lo minutes c 
minutes in which to do it. But the rale of doi% 
ivork or poxuer expended is very different in tin 
two cases, being lo times as great in the first i 
in the second. So you see there is an imporl 
difference between work and power. When i 
raise i pound 33,000 feet in one minute we 1 
working at the rale of i Horse-Power. The-T 
pound multiplied by 33,000 feet equals 33X 
fool-pounds ; 33,000 pounds multiplied by if 
also equals 33,000 foot-pounds, as does 
pounds multiplied by 30 feet. In fact, any j 
duct of pounds and feet equalling 33,000 wMj 
expended in one minule equals i Horse-Power. 

I In a similar manner a current of electricity caJ 
perform work and its rate of doing work is measf 
nred by multiplying the pressure, in volts, by the^ 
rate of current flow, in amperes, the resultiue 
: 
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product being expressed b\' the unit called the 
Watt. Thus, a current flowing at the rate of i 
ampere under a pressure of i volt is doing work 
at the rate of i watt. The watt is the equivalent 
of Tie of ^ horse-power, because it is the power 
required to perform 44.25 foot-pounds of work in 
a minute, which is 7]^ of 33,000 foot-pounds. In 
other words, 746 watts make i electrical horse- 
power. The watt is sometimes called the volt- 
ampere. 

Example : If a generator of electricity is sup- 
plying 40 amperes at a pressure of 100 volts, how 
many watts is it developing ? Answer : 100 
volts X 40 amperes ^ 4,000 watts. 

Example : If a generator is supplying 373 
J amperes at 100 volts, how many electrical horse- 
^ power is it developing ? Answer : 373 x 100 ^=^ 
37,300 watts -^ 746 = 50 horse-power. 

Therefore : — 

The Watt is the unit of electric power or rate oj 
doing electrical work. 



1 



1 



CHAPTER V. 

CAPACITY AND THE MICROFARAD. 



When we take a glass jar of a given size and 
pump air into it with a force pump we do two 
things: ist, we increase the quantity of air in 
the jar, and 2ud, we increase the pressure inside 
the jar. The pressure thus produced is depend- 
ent upon the size of the jar and the quantity of 
air forced in, and is greater the smaller the size 
of the jar and the greater the quantity of air 
forced in. 

In a similar manner, when we force electricity 
into a conductor we produce a certain difference 
of potential or pressure which depends on the 
capacity of the conductor. So, the smaller the 
capacity of a conductor, the smaller is the charge 
required to raise it to a given pressure, and the 
higher the pressure to which a given charge will 
raise it, 

The capacity of a conductor is measured by the 
practical unit called the Farad which is such a 
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quired to produce in the conductor a pressure of 
one volt. 

The charge of electricity acts just like the 
air in the jar we have spoken of above ; it ap- 
pears to be so very compressible that the quan- 
tity required to fill any conductor will depend on 
the pressure under which it is applied. 

The Farad is such a very large unit that for 
ordinary purposes we use' the fo^^^ifu^ of a farad 
which we call the Microfarad. 






CHAPTER VI. 



Induction may, in general, be said to be ^jb 
influence which one magnetized or electrifi^ 
body or conductor may have upon another 
or conductor when the two arc not in actual c 
tact. 

Almost every nseful electrical device is 
pendent upon this principle of induction in son] 
form or other. So important is it, indeed, thi 
we cannot do better than examine some of \ 
effects. 

(i) As is well known, every magnet has^ 
North (N) and a South (S) pole. A N polef 
one magnet will not attract the N pole of : 
other, neither will one S pole attract another \ 
pole ; but any N pole will attract any S pole ana 
vice versa. Therefore, like poles rcpel^ unlikt. 
poles attract each other. If we take an ordinar}^ 
horseshoe magnet such as can be bonght in toj'-] 
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Stores we will find that either one of its poles 
will pick up a small iron nail, as in 
Fig. I. If we tip the magnet a little 
so as to swing the free end of the 
nail up againstthe other magnet-pole, 
as in Fig. 2, we find the nail will stick 
there firmly. This is because when 
the one pole (say the N pole) of the 
?\'i. 1. magnet is brought near the point of 
the nail it induces magnetism in the 
nail giving it a N and a S pole, the S 
pole of the nail being nearest the N 
pole of the horse-shoe magnet. Then ■ 
as unlike poles attract, the free (or N) 
pole of the nail \vill be attracted to f"- ^- 
tlie Other (or S) pole of the magnet. This mag- 
netic induction can be carried further 
by making the nail induce magnet- 
ism in a second nail and that in, we 
will say, a carpet tack, as in Fig. 3. 
(2) When a current of electricity 
passes through a conductor it makes 
a magnet of the conductor by setting 
up or inducing a whirl of magnetic 
lines of force around it, as shown in 
Fig. 4. The direction of these 
whirls can be easily remembered ; if the current 






The X Ray, 

flows towards you the whirls travel 
around iu a direction opposite the hands 
of a clock, as in Fig. 5. If, instead of 
using a straight conductor, we coil it 
up in the form of a solenoid as in Fig; 
6 we increase the magnetic effect be 
cause every tuni of the conductor in- 
duces increased magnetism in every 
other turn. Such a solenoid possesses 
all the characteristics of a steel magt 
net but only while the current of eleo 
tricity is passing through it. The 
pole of the solenoid is that end whe 
[ when you look down upon it, the current 
travelling around in 
a direction opposite 
the hands of a clock. 
(3.) If we wind the 
conductor fi^om our 
source of electricity 
around a bar of soft 
iron as shown in Fig. 
7 we induce magnetism iu the bar as 

in the coil, Lhe 

polarity being t lie 

V same in bdUi, 

The presence of 

Fig. 6. the iron increases 
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the total magnetic strength amazingly^ due to 

the iron being a 

magnetic metal and 

gathering to it all 

the available lines 

of magnetic force 

induced bj' the pass- *"•• • " 

age of the electric current throuorh the solenoid. 

The soft iron is said to increase the magnetic 

effect, under proper conditions, to as much as 

32.8 times. As in the case of the simple solenoid, 

magnetism is only present here while a current 

of electricity" is flowing through the conductor, 

such combination of coil and bar is known as an 

electro-magnet. 

(4.) If we connect a coil of wire to a galvano- 
meter or electric indicator and move a steel bar^ 
magnet towards the coil we will induce a 
momentary current in the coil, as will be shown 
by a movement of the galvanometer needle ; if 
we now draw the permanent magnet away from 
the coil another momentary current will be in- 
duced but in the opposite direction. This ar- 
rangement is clearly shown in Fig. 8, where M 
is the magnet, PP the coil, and S the indicator 
or galvanometer. 

(5.) If the magnet is stationary and wc move 
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the coil back 
and forth we get 
similar results to 
those in section 4, 
That is, when we 
move the coil to- 
wards the mag 
net we induce : 
momentary cur- 
rent in one diret? 
tion and when ^ 
draw the coil away from the magnet we induce 
I momentary current in the other direction. 

(6.) As a solenoid through which a current oiE 
electricity is passing possesses the properties C 
a steel magnet, such a solenoid will have tli< 
same inductive infliience on the coil shown vt 
Fig. 8 as the permanent magnet M tliere show 

(7.) If we were to take the two solenoidi 
mentioned in section 6 and putting one insidy 
the other and connecting one, which we will cal 

I the secondary, to tlie galvanometer and tin 
other, which we will call the primary, to on: 
source of electricity, we will obser\'e that even 
time a current is sent through the primary coi 
a momentary ctirrent Is induced in the secondary 
coil, and at the instant when the current in the 
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primary ceases to flow a momentary current is 
again induced in the secondary, but in the op- 
posite direction. 

(8.) If, instead of interrupting the flow of 
electricity in the primary coil we simply vary 
its intensity we will observ^e inductive effects in 
the secondary coil each time the current in the 
primary is so varied. 

(9.) When we briskly rub a smooth glass rod 
with a silk handkerchief we electrify the glass 
rod with a positive charge of f rictional electricity. 
If we now bring the rod near a small pith-ball 
suspended by a piece of silk from a little standard 
we will attract the pith-ball to the rod by in- 
duction. The glass rod is positively charged 
and a negative charge is induced on the side of 
the pith-ball nearest the rod. Positive and nega- 
tive chaxges of f rictional electricity always possess 
an attraction for each other. 



CHAPTER VII. 

CONSERVATION OF ENERGY. 

Energy is the power of doing work. It is 
present in some form throughout all nature. 
We cannot increase or diminish the total quan- 
tity of energy ; we cannot create nor can we 
destroy it ; we can only change its form. Energy 
may either y^ potential or kinetic ; it is said to 
be potential when at rest and kinetic when in 
action. There are three forms of energy : 
namely, thermal, chemical and mechanical. 

The potential energy in coal may, when the 
coal is burned, be changed into the kinetic energy 
of steam. 

The potential energy in zinc and copper may, 
when immersed in dilute sulphuric acid and con- 
nected outside of the acid, be transformed into 
the kinetic energy of heat, gases and electricity. 

The potential energy in your arm may be 
■changed to the kinetic energy of motion when 
yoii turn tlie handle of a grind-stone. 
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im ; the energy in the steam may be trans- 
ned into the energy of motion ; this may be 
isformed again into electrical energy, and this 
in into light, heat or power. There will not 
as much energy in the electric light produced . 
:here was in the coal, for some of the energy 
:he coal was lost in heat which went up the J 
niney instead, of into the steam ; some of the | 
rgy in the steam was used up on account of I 

friction in the engine ; some of the energy 1 
.he motion of the engine escaped in the slip- 
g of the belt and friction in the electrical^l 
:hiue, etc. \ some of the electrical energy was \ 
: in overcoming the resistance of the conduc- 
; leading to the electric lights, and in the j 
Its themselves. But. if we add together the I 
rgy finally delivered in light to all the J 
tsses " by friction, heat-waste, etc., we will I 
■e exactly the same energy as was originally I 
:he coal. The energy hi frictional heat and 

heat in escaping gases is not lost but only 
omes altered in its form. This grand prin- 
le of the saving or conservation of energy is 1 
It permits the universe to exist, as it has ex- ' 
ifor ecus of ages. 



PART II.-APPARATUS. 



CHAPTER I. 

SOURCES OF ELECTRICITY, 
Electricity may be generated or developeij 
or excited in more than one way. Its sourcesi 
may be classified under five general heads calif 
Animal, Thermal, Frictional, Chemical and 1 
duced electricity. We can well afford to briel 
consider each of these sources in their 
Many people make the mistake of thinking tli» 
there are different kiuds of electricity, wherea 
electricity is always electricity, whether excite 
by Frictional or Chemical means or b}' Indiictioi 
The difference lies only in the varying effe^ 
prodnced by electricity generated in different v 
due to such special characteristics as pressure a 

I quantity which each may possess. It is often c 
venient, however, to distinguish as to the souri 
of electricity, as, for example, by speaking i 
" Animal Electricity " or " Induced Electricity^^ 
Animal Electricity. — AH animal and plan 
- 



I 
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; produce.s electrleit\'. In some animals, sticli 
■tlie electric eel, the amount is large, while in 
lers it is very small. Some animals use their 
~^erof giving severe electric shocks as a means 
■defence or as a means of catchinfr their prey. 
licre are many curions facts known regarding 
Rimal electricity, among which is the quality 
jjDSsessed by any muscle of generating electric- 
ity when contracted; also, that when a muscle 
or nerve is injured, a current is set up between 
the injured and the healthy portions ; also, a 
current can be obtained by suitably connecting 
the ends of a section of muscular fibres with the 
sides of the same. Animal electricity cannot be 
used to produce X Rays. 

Thermal Electricity. — When two unlike 
metals are joined at their ends and heat is applied 
at one of the joints, a current of electricity is 
generated, due to the differences iu heat between 
the parts ; such a pair of metals so connected is 
known as a " thenuo-conple." The potential 
difference of a thermo-couple is very small, so 
generally a number of such couples are connected 
together to increase the total potential. 

Many crystalline bodies such as a tourmaline, 
silicate of zinc, quartz and sulphate of quinine, 
when unequally heated or nnequally cooled, are 
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oppositely electrified at opposite ends, as nnll bt 
more thoroughly understood upon reading about 
Friction AL or Static Electricity.— A 
charge of electricity produced by friction is pecul- 
iar, in that it resides exclusively ou the surfaces 
of the bodies charged, as does alsc the charge 
induced in one bodj' when brought -within tlie 
influence of another statically charged body, 
section 9 on page 27 you were told that the 
smooth glass rod when rubbed with a silk hand- 
kerchief became positively charged with elec- 
tricity. You were not told, however, that at the 
same time the silk became negatively charged, 
which is true. When electricity is excited by 
friction two mutual and equal phases of excit^ 
nient are always developed, A\'liich are called 
positive and negative charges. These two phases 
have a strong affinity for each other and are 
alwa^'S trj'ing to couie in actual contact with and 
neutralize each other. When this is accomplished 
there is a d/scl/argf which lea\es the electrified 
lx)dies withoiit any charge of electricity. If the 
charge is sufficiently great it will not be necessary 
for the positive and negative surfaces to come in 
actual contact before there is a discharge, as the 
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form of a bright spark or electric flash like a 
lightning discharge on a small scale. 

Whether a substance rubbed by another sub- 
stance will be positively or negatively charged 
depends on the nature of the rubbing substance 
as well as on the nature of the substance rubbed. 
For instance, the following list (from ^^ Ganot's 
Physics '') gives a number of substances, each of 
which will become positively electrified when 
rubbed by any which follows it : 

Positive, 

Cat's-skin, 

Glass, 

Ivory, 

Silk, 

Rock-crystal, 

The Hand, 

Wood, 

Sulphur, 

Flannel, 

Cotton, 

Shellac, 

Rubber, 

Resin, 

Guttapercha, 

Metals. 
Negative. 
3 
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Machines liave been made upon the principles 
suggested here, whereby po-\\-erfiil charges are 
produced by the revolution of glass disks arranged 
with proper rubbers, collectors and inducing 
strips. There are a number of these electrical 
machines, some strictly frictional aud some so- 
called "influence' 



\ 




machines, those 
best known and in 
use being the 
^ Holtz and WifflS- 
hurst machines, 
Fig. 9 is a« illus 
tration of a Holti 
■ machine as modi 
fied by Wims 
hurst and luade bj 
the Galvano-Faradic Company, New York CitjH 
In Chapter I. of Part III. will be found e 
scription of how the frictional machine may I 
useful in producing X Ray effects. 

Chemical Elf.ctricity. — Under this h^ 

I may be grouped two very important sources i 
electricity, viz.. Primary and Secondary Baf /en 
which we must now learn something about, 
(l.) When plates of two diff'erent metals ( 
one metal and one non-metallic body (such i 
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carbon) are placed in a liquid (called an electro- 
lyte) and the two plates are connected together 
outside of the liquid a current of electricity is 
generated. This combination of plates and elec- 
trolyte is known as a celloi Primary (or Galvanic) 
Batterj-. A \'ery simple form of primary battery 
is made bj' taking a plate of copper and one of 
zinc and immersing them partially in a solution 
of sulphuric acid and water. This constitutes 
the original cell of \'olta. A " battery " may be 
made np of one " cell " or two or niorp " cells " 
connected together. A copper-zinc 
cell is illustrated in Fig. lo which 
it would be well to study a little. 
When the two wires leading from 
the copper (c) and zinc (z) plates are 
connected the sulphuric acid is do- 
composed, forming h5'drogen gas at '"'(s- '°- 
the copper plate and combining with the zinc to 
form sulphate of zinc. The electricitv developed 
by this chemical action flows from the plate most 
acted on (the zinc in this case) through the liquid 
to the other plate (the copper), and from that 
through the external conductors back to the first 
plate again. This is indicated bj- the arrows in 
Fig. 10. It will also be noticed that the signs 
plus (+) and minus ( — ) are used. This indicates 
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that the portion of the zinc plate in the liquid is 
positive (+} to the portion of the copper plate in 
the liquid, which is therefore negative ( — ) ; also 
that the exposed part of the copper plate is posi- 
tive to the exposed part of the zinc plate, which 
is therefore negative. It is the practice to call 
that plate //'(>/« which the electricity flows, outside 
the liquid, t\\& positive pole, and the plate to which 
.the electricity returns, outside the liquid, the 
negative pole, and to refer to the plate within the 
electrolj'te from which the current starts as the 
positive element and the other plate within the 
electrolj-te as the negative element. 

A number of different forms of primary bat- 
teries have been devised but all can be divided 
into two classes, namely, open-circuit and closed- 
cinitit batteries. 

The open-circuit class contains those varieties 
which work best when not constantly in use, on 
bell-circuits, hotel-calls and signal-circuits gen- 
erally. The best of this class of batteries is the 
" Leclanche " which is \'ery widely known and 
extensi\elj' used. The elements used are of 
zinc and carbon, placed in a solution of sal-am- 
moniac ; the carbon is surrounded by powdered 
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X any length of time it soon " runs down 
Hi do no more work until given a 
^en only used occasionally 
. for short periods it is very 
lacient and satisfactory. Fig. 
m illustration of a Le- 
[anclie cfll. Such a cell gives 
Ppotential of about 1.47 volts. 
[ The closed-circuit class con- 
ns those varieties which work 
!St when in constant use or 
ben the circuit is nonually 
iclosed." The best representa- 
e of this class is the '* Gravity " 
I modification of the " Daniell " 
lltterj'. The Daniell cell, a 
%ketch of which is given in Fig 
1 2, is made up of zinc and coppLr 
elements separated from each 
other by a cup of porous cla-\ 
in which is put the copper plate 
surrounded by sulphate of coppei 
crystals ; the ziuc is immersed ni 
dilute sulphuric acid. The electromotive force 
is about 1.072 volts and is remarkably constant. 
It only differs from the original cell of Volta in 
the addition of a porous cup in which is placed 
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the copper element and sulphate of copper crys- 
tals. The serious disadvantage in the use of the 
Daniell cell is the fact that the copper formed 
by the chemical processes within the cell is 
gradually deposited in the pores of the porous 
cup increasing its resistance. 
This trouble is not met with iu 
the Gravity cell illustrated in 
Fig. 13. As will be seen the 
copper strip is at the bottom of 
the jar and the zinc wheel or 
" crow-foot " is near the top ; a 
sulphate of copper solution is 
^^' '3- poured over the copper and a 

quantity of copper crystals are also put in 
and on top of this solution is poured a dilute 
solution of sulphate of zinc. ^\i^ specific gravity 
of these two solutions is so different that the 
heavier or sulphate of copper solution always re- 
mains at the bottom. The zinc sulphate solution 
as a substitute for the sulphuric acid of the 
Daniell's cell gives a somewhat lower voltage 
but makes the action of the cell e;'en more 
constant. 

(2.) "When two plates of the same metal (usu- 
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dilute sulphuric acid) uo electrical action takes 
place. But if a current of electricity generated 
in some outside source is allowed to pass into 
one of the plates and then through the solution 
to the other plate and back to ""'I 
the source again, we set up a 
chemical action in the solution 
which decomposes it and causes 
a different deposit to be uiade 
ou each of the plates. Fig. 14 
shows a cell made up of two lead 
plates iramer.sed in an electrolyte 
of sulphuric acid, into which cur- 
rent is flowing from an outside ^"'' '""■ 
-•jource. We notice in this figure the current is 
passing into the plate A then through the elec- 
trolyte to the plate B and out again. The 
chemical action spoken of above forms peroxide 
of lead on the plate A (chemists write peroxide 

lead PbOg) and spongy metallic lead (known 
■ the letters Pb) ou the plate B. So we see 
a.t wbereas we started b\' forcing electricity 

i this cell with the plates A and B alike and 
iapahle of themselves setting up an electrical 

ion we now have two different elements (PbOa 
ltd Pb) in an electrolyte (Hj SO4) capable of 
tting on them. lu other words, a cell iucapable 
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of generating electricity becomes an active soura 
after electricity has once passed 
through it. If we now connect 
this cell to a small electric 
lamp, or other device, as in Fig. 
15, a ctirreiit of electricity will 
be generated and one atom of 
oxygen (O) of each molecule of 
the PbOa will be transferred 
from plate A to plate B and join- 
ing the Pb of plate B will form 
Fu:, 15. monoxide of lead, PbO, and plate 

A will then also have become PbO and both plates 
will be alike. When this is accomplished over 
the entire surface of the plates no more current 
will flow from the cell and it will be necessar}' 
to once more charge the cell from an outside 
source as before if we wish to obtain more elec- 
tricity from it. The peculiarity of such a cell 
which requires electricity to be put into it before 
any can be obtained from it has caused the cell 
to be named a " Storage " or Secoudarj' Battery. 
Although the effect we obtain is the same as if 
the cell was a reservoir iu which we s/orfd elec- 
tricity until it Avas needed we do not really store 



///(■ cell by altpriiig the nalnre of the elements. 
What we in reality " store " is chemical energy and 
not electricity. If we observe Fig. 14 we will see 
that the charging cnrrent is coming into the cell at 
the plate A and passing out at the plate B. In 
Fig. 15, however, we see the discharging cnrr^nX. 
comes out at the plate A returning to the plate 
B- In other words, a secondary battery dis- 
charges in a direction opposite to that in which 
it is charged. 

The potential of a cell of secondary battery 
is about 2 volts. In secondar}' batteries as in 
primary batteries, the potential difference of a 
cell does not depend on the size of the elements 
but on their nature and that of the electrolyte. 
The quantity of electricity to be obtained from a 
cell of any kind of batter^' is directly dependent ■ 
upon the area of the elements exposed to the 
electrolyte. 

ISDtrcKD Electricity. — Sections 4 and 5 of 
our chapter on Induction, told that when we 
move a loop or coil of wire towards or away from 
a magnet or move the magnet towards or away 
from the loop or coil, momentary currents were 
induced in the coil of wire, and that these mo- 
mentary currents would first go in one direction 
. then the other, depending on the direction 
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of the movement to or fro. These principles 
were discovered in 1831 by Michael Faradav, 
the noted English scientist, and upon them 
all mechanical generators or dj'namo-electric 
machines of the present day are constrncted. 
Batteries cost too nincli to run to permit their 
heiiiji' largely used for electric lighting or power 
pui'poses. It costs much more to bum np zinc 
in a ijiitterv than it does to bum coal in a steaiti- 
boiler of tlie same power. There are two geii- 
enil classes of dynamo-electric machines named 
after the character of the currents delivered by 
eacli. These are ( i ) alternating current and (21 
((iii/iiiiioiis iiiyrciil dynamos, and a few words 
iii;i\' Ik- writti-'ii about each. 

1 l^pl^p of wire and mount il 
uu a -sliaft placed between 
the X and S poles of a mag- 
net, as shown in Fig. r6, we 
have tlie simplest form of 
dynamo, ^\'ere we to con- 
nect the ends of the loop of 
two metallic rings also motinted on the 
c can adjust .springs or Ijrushes so as 
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Hlted by the arrow, a current will be induced 
in tbe loop iu cue direction as it approaches the 
horizontal position and in the opposite direction 
as it approaches the vertical position. These 




currents flow through the loop to the rings and 
collecting brushes or springs aud tlieuce to the 
galvanometer and back. Being induced first iu 
one direction aud theu the other they are known 
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allernaling currents. If we use a number 
of loops on the revolving shaft and a number of 
pairs of magnet-poles instead of one we will get 
greater voltage when they are properly con- 
nected. Fig. 1 6 is a theoretical dynamo but 
Fig. 17 is a practical alternating current dy 
namo capable of suppljdng many hundreds of 
electric lights or many horse-power to electric 
motors. 

(2.) Were we to take the simple loop of Fig. 
16 and and connect its ends to the two halves of a 
split-tube (instead of the rings) as shown in Fig. 
1 S we will 




, (which may include a galvanometer as before). 
i The mere use of the split-tube in place of tlwj 
[ two rings so alters the conditions that instead'^ 
\ delivering an allernafing current to the ext« 
[ nal circuit, we deliver a conlittuoits current ■ 
L one which alwaj-s travels in the same direction. 
LThis is because the two brushes or metal spriuga 
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Bting on the split-tube {known as the " com- 

biutator") first press on one half the tube, and 

Ben the other half as the shaft revolves, so that 

■though the alternating current is still induced 

I the loops it is delivered as a continuous cur- 

This is readily seen by referring to Fig. 

I which is a section through the 

mmutator and brushes. If the 

ward moving half of the loop 

. positive, the upward moving-half 

rill be negative audit will be readily f"'' '9 

r seen that the positive half in one position will 

[ be the negative half when it reaches another 

I position. The brushes do not revolve but 

always " collect " the current at the best + 

and — points. Fig. 20 illustrates a modem 

Edison continuous current dynamo similar to 

I those in use all over the world for lighting stores 

and houses. 

The magnets of all modem and practical 
dynamos are made of iron wound with wire and 
supplied with electricity. The reader will recog- 
nize that these are therefore not permanent 
magnets but electromagnets. 

In closing this chapter yo\i must be told that 
' batteries and dynamos are alike in these re- 
spects : 
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(1.) If a greater potential is needed than 
r cell or dynamo can give, connect two or more 
I together in scries as shown in -Fig. 21, that is, 
Iconnect the 4- of one unit to the — of the next 



I 
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^Ktnd the remaining + and — to the onti 
^Fcircuit. In Fig. 21 the total potential wonW 
^Jjethree times as high as if one unit was usedL 
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but the amperes 
not be increased ; 




nect our units 
shown in Fig. 
All the + poles are 
connected together 
and all the — poles 
are similarly connect- 
ed. Here we have 
the ability to obtain 
three times the rate 
of flow than if but 
one unit was used ; 

(3.) If we wish to 
obtain more potential 
and greater rate of 
flow at the same time 
(without increasing 
the si^e of our units) 
we must combine the 
,.t\yo previous methods 



rate of current flow will 

(2.) If we 
want a greater 
flow of current 
but at uo in- 
crease of po- 
tential we con- 
parallel or mulliple-arc as 
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ill the mnlliplf-scries method of connection as 
shown in Fig 23. In this case we obtain three 
times the volt- 
age and twice 
tlie amperage 
of a s i n g le 
unit. 

It having 
been shown 
that the pres- 
sure or amp&r- 
PiB- *3- age of a battery 

depends on the nature of its elements and 
electrolyte, it only remains for the reader to 
know that the characteristics of a dynamo de- 
pend on the size and shape of its electromagnets 
and the size and quantity of wire in the arma- 
ture or around the magnets and also upon the 
speed at which the armature is made to revolve. 
A skilled designer can tell in advance the numtiC 
' of volts and amperes his dynamo will furnj^ 
under given conditions. 




CHAPTER II. 

THE INDUCTION COIL. 

If the reader of this little book has carefully 
considered what has been said up to this point, 
he will have acquired such a general knowledge 
of electrical principles that what follows will be 
very clear to him. 

One of the most important pieces of apparatus 
generally used in the production of X Rays is 
the Induction Coil. In fact, although other 
apparatus can be used to perform its work, the 
induction coil is by far the most satisfactory to 
handle. The reasons for this will develop as 

s 

we proceed. 

You were shown in section 7 of the chapter 
on Induction that if a secondary coil is made 
to surround a primary coil which is connected to 
a battery or dynamo and a current is sent through 
the primary, that a momentary current is in- 
duced in the secondary ; also, that at the instant 
when the current in the primary ceases to flow 

a momentary current is again induced in the 
.4 49 
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Rcondan- but in the opposite tUrectiou. It will 
hus be seen that if we rapidU- " make and break 
the circuit '' through the primar\- (that is, send 
intermittent currents through it ) we induce 
tUfeniating curreuts in the secondan,- coil. 

There is another interesting and important 
point to be considered : The greater the number 
lof turns in the secondary coil, in proportion to 
the number of turns in the primary- coil, the 
greater will be the potential and the smaller will 
be the amperage developed in the secondary*" in 
proportion to that in the primary-. X Ray work 
demands exceedingly high potentials and small 
•currents, so the primary' coil is always wound 
with a small number of turns of coarse wire 
while the secondary coil is wound with an im- 
mense number of turns of very fine wire. In 
some induction coils, the wire in the secondary 
is many miles long. The potential given by an 
induction coil used for X Ray work must be so 
.jreat that it will overcome the resistance of the 
air and give sparks of from two to twelve inches 
'ir more in length. Good work can be done wit% 
an induction coil capable of giving a twoint^. 
spark hut tlie greater the power of a coil the wider 
range of usefulness it has. In describing the in- 
duction coil and what it does, wc will speak fi; 
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of the primary circiijt aud then of the secoudary 
circuit and their component parts. 

Primary Circuit. — Any electrical "circuit" 
means the total path travelled by the current ; it 
includes the source, the receptive device in which 
useful work is performed and the conductors 
connecting the two, together with any switches or 
de\-ices for breaking the circuit or interrupting 
the flow of current. 

The primary circuit, therefore, of an induction 
coil includes the battery or d_\namo as a source ; 
the coil of coarse wire wound around a bundle of 
soft-iron wires or rods, the conductors connecting 
the coil with the battery or dynamo and the 
necessary circuit-breaking device ; also a " con- 
denser" connected around the circuit-breaking 
device to reduce the 
spark when the cir- 
cuit is broken. Wc 
have described the 
various sources of 
electricity suitable ^^■ 
for this use and i 
is desirable to now 
refer to Fig. 24 
which is a diagram '''t^- -'-i- 

of the primary circuit and describe its features. 
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Sis the source of electricity which may be either 
a primary battery, a secondary battery or a con- 
tinuous-current dynamo-electric machine. I is a 
core made of a bundle of soft iron wires used to 
intensify the effect of the primary coil PC wound 
around it. Iron wire is used instead of an iron bar, 
because the wire can be more rapidly magnetized 
and demagnetized. As the voltage in the primary 
coil is small and the amperage quite large (from 
5 to 20 amperes) the coil PC must be of small 
resistance, that is, have but a few turns of large 
wire. The circuit-breaker is at B and consists, 
as here shown, of a piece of iron to which is 
fastened a flat spring held firmly at one end ; the 
end carrying the iron " head " is directlj' in front 
of the iron core and is free to vibrate. Against 
the side of the flat spring furtherest from the iron 
core presses an adjustable screw ; the end of the 
screw and the spot it touches on the spring are 
both of platinum so as to be as little afTected as 
possible by the spark caused by the heavy cur- 
rent jumping across the break when the spring- 
vibrates. Of course, when the spring vibrates it 
■flies away from the .screw-tip and then flies back 
again, thus breaking and completing tlic circuit 
In order that the best inductive effects may be 
obtained from the primary coil it is necessary 
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that the break in the circuit should he very 
sudden and that there should be as little sparking 
as possible at the contact-breaker B. This 
sparking can be much reduced by connecting a 
" coudenser " C to the spring and the contact- 
screw of the circuit-breaker B. This condenser 
acts as a temporary reservoir for the excessive 
current flowing when the circuit is broken 
and accomplishes what the springs on a carriage 
do, that is, deadens the effect of a sudden jar. 
This excessive current is due to the mutual 
inductive action of each loop of the primary coil 
upon every other loop. The same induction 
takes place when the circuit is made as when it is 
broken, but the presence of the condenser causes 
it to take a longer time to " load up " than to 
" unload." In Chapter V. of Part I. we learned 
that when we force electricity into a conductor 
we charge it with a certain potential dependent 
upon its capacity in microfarads. The coudenser 
in Fig. 24 is the conductor .so charged and its 
effectiveness depends on its capacity. A con- 
denser is usually made of sheets of tinfoil 
carefully .separated or insulated by sheets of 
paraffined paper, oiled silk or mica, the alternate 
sheets of tinfoil being connected in multiple 
indicated bj' C in Pig. 24. 
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The action of the various parts illustrated iu 
Fig. 24 is as follows : Wheu the switch S\v is 
closed the electricity flows from the source S to 
the circuit-breaker B, then through the primarj' 
coil PC aud back to S. When the current 
passes through PC it makes a magnet of the iron 
core I which attracts the iron head on the spring 
of B making a break in the circuit between tlie 
spring and the contact-screw. There is a spark 
at this point which is minimized by the action of 
the condenser C in receiving the " blow." When 
the circuit is broken by the attraction of the 
spring away from the contact-screw the iron core 
I loses its magnetism because no current is 
flowing around it, so the iron head on the spring 
is no longer attracted aud flies back against the 
contact screw. The instant the screw is touched 
the electricity again flows through the coil PC 
and the magnet I again acts, so that so long as 
the switch Sw is closed there will be a rapid 
I vibration of the circuit-breaker B and, consfr 
' quently, a rapid making and breaking of the 
circuit through the coil PC. 

An alternating-current dynamo may be used as 

\ a source without a circuit-breaker but it is not 

I nearly so effective for X Ray work because the 

alternating current is not a current which flows 
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at full strength for an instant in one direction 
and then suddenly turns around and flows at full 
strength in the opposite direction. As a matter 
of fact the alteniatiug current starts at zero or 
no potential and gradually rises to full potential 
in one direction, then gradnallj' falls to zero, then 
rises gradually again to full potential in the 
opposite direction and then falls to zero again 
only to rise again as at first. This can be illus- 
trated by a dia- ^ 
gram as in Fig. 
25, where the 
line 00 is the 
zero line or line 
of no potential. 
The potential 
starts to rise at 
A in a positive direction of flow until it reaches 
its maximum at B, after which it falls to C and 
then changes its direction to the opposite of the 
first until it reaches a negative maximum at D, 
after which it falls to E to rise in a positive 
direction agaiu. 

To obtain first class X Ray results with an 
iuductiou coil it is absolutely necessary that the 
inducing currents should be short, sharp, snappy 
and vigorous. 




Fig. 25. 
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imagine liow great wlieu to obtain a six-incli 
spark from Daniell's batteries instead of an 
induction coil about 600,000 cells would be 
required. Tbe amperes necessary are, however, 
very small indeed so the secondary coil is wound 
with a great length and very many turns of very 
fine wire. 

If Fig. 27 is now placed over Fig. 24 Fig. 
28, which is a dia- 
gram of a complete 
induction coil isob- 
tained. The rapid 
vibration of tke 
circuit-breaker B 
causes iutemiittenl 
currents to pass 
through the pn- 
mary coil PC, as 
already described. 
These intermitteni 
primary currenls 
induce alternating currents of high potential in 
the secondary coil SC, and if the terminals T, 
and T.. are brought the proper distance apart. 
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current will be available in the Crookes tube for 
the production of X Rays. 

It has been stated that there is an ** excessive " 
current in the primary coil upon the breaking of 
the circuit. The induced electro-motive forces 
in the secondary coil last longer, but are feebler 
at "make" than at ** break/' and are 7iot strong 
enough to send sparks. Therefore, although the 
currents induced in the secondary are alternating 
currents, there is a greater impulse in one direc- 
tion than the other, or the current in one direction 
preponderates over that in the other direction and 
^t have a preponderating positive or anode ter- 
minal and a preponderating negative or eathode 
erminal even though each terminal is alternately 
node and cathode. When the cathode of an 
iduction coil is spoken of a preponderating 
ithode is meant. 
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teen most used by experimenters, and these 
will now be described. 

Fig. 29 represents a common form of the 
globnlar Crookes tube having a disk of aluminum 
as a cathode and three straight platinum wires, 
any one or all of which may be used as the 
anode. 

Fig, 30 repre.sents the familiar pear-shaped 
^_.,_---^~>, Crookes tube having two 
P .-^7 J electrode disks of alumi- 

" ~ num, the one in the end 

to be used as the cathode 
and the lower one the 
anode. 
illustration of a tube devised 
bv Prof. Crookes to dem- 
onstrate that radiant matter 
when intercepted by 8 
solid body casts a shadow- 
This is a piece of appar»' 
tus which was found i** 
almost all college label*" 
"*■■*'■ tories at the time Prof- 

Roentgen first announced liis wonderful dlS^ 
covery, and most of the early experiment^ 
with X Rays were made with the aid of th< 
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i J i. ]t is pear-shaped and the negative pole is 
.a the pointed end. Beyond its middle is mounted 
fill ,1 hinge a piece of aliiniinum, B, cnt in the 
shape of a nialtese cross. The cathodic stream 
foming from the negative pole A is partially 
intercepted hy the aluminum cross and produces 
an image of it on the end of the tube as repre- 
sented at C. This image is due to the fact that 
the cathode ra3'S when the}' strike the glass at 
the bulbous end produce fluorescence of the 
glass at all points where they have escaped the 
intercepting cross. 

Owing to the fact that the cross is hinged 
a slight movement of the tube causes it to take 
a horizontal position and the same stream is now 
projected against the entire larger end of the 
tube, causing a general fluorescence. It maj- be 
mentioned here that it was from this fluorescent 
end that Roentgen conceived his X Ray to 
emanate. The pear-shaped tube shown in Fig. 
30 did much of the early work in taking 
Roentgen pictures. The above references to 
" cathodic streams " and " radiant matter " will 
be better understood after reading the chapter on 
the Nature of the X Ray in Part III. 

Fig, 32 I'epresents a form of Crookes tube of 
considerable interest since it is the prototype of 
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tlic tubes now most in nse to produce the X 
Ray. The cathode A is ctxp-sliaped and focuses 
a cathodic stream upon a piece of platinum B 
supported in the centre of the bulb. At C is 
another entering; electrode and either B or C may 
^ be used as the anode. This 

is essentially the focus or 
reflector type of tube which 
has superseded the globu- 
lar and pear-shaped tubes 
and which is now gener- 
ally in use. The only 
essential difference is that 
the anode B may be bent 
one way or the other to 
Fig. 3J. a greater or less extent. 

Fig. 33 represents a focusing tube as it was 
first introduced into thjl 
country from LondMli 
In this shape it w?is firrt 
proposed by Mr. Her- 
" bert Jackson, of King's. 
College, London, aiw 
first shown in public b] 
Alfred W. Porter, B.Se, 
of University Colli 
London. It was 
Kg. 33. used in this country bj 
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Dr. Morton. It will be noted that in this form 
of tube the reflecting , 

disk B serves both as \ \ ■ 

anode and reflector 
and as a probable 
source of the X Rays. +t>^ 
This tube represents 
the final type of suc- 
cessful tube up to the 
present writing. 

Fig. 34 shows a ^"ls■ ,u- 

modification of this type found desirable to 
keep pace with advancing X Raj- work. In 
Fig. 33 the distance between the external elec- 
trodes is but 4 inches while in Fig. 34 this dis- 
tance has been increased 
to 10 inches. The ad- 
vantage of Fig, 34 over 
Fig. 33 is that the 




greater the distance be- 
tween the external elec- 
trodes the greater is the 
potential which can be ng. 35. 

utilized for the production of X Rays without 
the spark jumping arouud the outside of the 
bulb. 

Prof. Elihu Thomson has proposed as a staud- 
5 
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ard tube a further modification of the reflecting 
tube shown in Fig. 35. The two focusing cups 
A and B may constitute the two electrodes, 
or A and B maj' be united to form one 
cathode and the V-shaped piece of plati- 
num C may then be the anode. The former con- 
nections ought to be employed in case alternat- 
ing or oscillator}' currents are used ; the latter 
connections when the induction-coil alone is used. 
"■ .. ^ Fig. 36 is a Morton 

vacuum bulb fitted with 
external electrodes of 
aluminum foil devised 
in the first instance for 
use with a Holtz or 
other i u fl u e 11 c e 
machine but equally 
useful iu connecliuu with an induction coil. Tlie 
small aluuiiuuni cap A is cathodic and conceii- 
tratt-s the rays on tlic opposite cud of the bulb. 
The anode B is a cup of aluminum foil covering 
a large proportion of the bulb as shown in the 
sketch. The innovation in this form of bulb or 
tulie lies in the fact that the cathodic stream, as 
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of this tube was given in the Electrical Engineer 
of April 8th, 1896, page 355, where it was 
said : " It will be noticed there is no window or 
opening in the anode. Should a window be cut 
in the anodic metal with the hope of getting a 
better effect upon the sensitized plate the efficacy 
of the bulb will be greatly diminished. This 
bulb works well with a static machine (or with 
an induction coil) and it may prove of interest to 
many who own such machines to construct their 
own X Ray bulbs.'' 

This idea of a coincident X Ray and cathodic 
stream as applied to a tube having external elec- 
trodes has been modified by the originator of the 
above as illustrated in Fig. 37. 
The focusing cathodic cup A 
is of aluminum, and the thin 
disk or button B is of carbon 
and is held firml}^ in its posi- 
tion by the anode connection 
passing through the glass. It 
will be seen that though the 
form of this tube is similar to 
Crookes tube shown in Fig. 32, the X Rays 
appear to pass through the anode instead of 
being reflected from it. 
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The Tesla tube is shown in Fig. 38. It 
has been devised by him for use with the 
extremely high potential and high fre- 
quency currents with which his name is 
so prominently identified. But one ter- 
minal is needed in this form of tube which 
can only be used with a powerful Tesla 
coil. 

Another ingenious tube is that de- 
vised by Mr. Edison. The latest form 
of this tube is shown in Fig. 39 where 
two slanting 
plate or disk 
elect rodes 
mutually con- ] 
verge the ca- I 
thodic stream ' 
to a concen- 
trated area ot 
tlie glass surface. .-X.s the stream strikes the 
glass at an angle, overheating is, to a gre*^ 
extent, avoided. 

On the whole we would advise the intendiiJ-^ 
investigator to purchase a reflecting or foci-'*-' 
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THE FLUOROSCOPR. 

t Professor Roentgen's first aunouucemeot 
made public the fact that fluorescent substaiictK 
were excited by tlie X Ray. This indeed, was 
aa observation which fixed his attention upon 
the new phenomena. Salvioni, acting upon 
this statement of Roentgen, devised the ciyp- 
tincope which was simply a tube having at 
one end a pasteboard cover coated with fine 
cr3'stals of platiuo-cyanide of barium (mentioned 
by Roentgen) and at the other an eye-piece 
through which to view the shadow cast upon the 
fluorescent screen by the intervention of the 
opaque object between it and the Crookes tube. 

When Mr. Edison took np X Ray work, and 
developed a practical device which he has named 
\\\^ Jiuaroscopc , he contributed to the art one of 
the greatest of aids ; it is the guide and friend 
of every X Ray operator. Its invention con- 
sisted in adopting a screen of considerable size, 
\ selecting a new substance (namely, tungstate 
69 



70 The X Ray. c«A*"»iv. 

of calcium) whicli exceeded in fluorescent quali- 
ties the platino-cyanide of barium and in adopt- 
ing a large camera or dark-chamber fashioned 
in stereopticon form to admit of the use of both 
eyes at once at a distance from the screen 
convenient to the eyesight. Mr. Edison is said 
to have investigated over 1800 different sub- 
stances before adopting thetungstate of calcium. 

The fluoroscope enables the experimenter to 
determine whether X Rays are being produced 
or not in the Crookes tube, and if produced, it 
enables him to decide upon their degree of in- 
tensity. 

In all practical work with the X Ray, it is 
necessary to have a standard of intensity which 
will serve as a guide both as to when to work 
and how long. This standard will have to be 
set by each operator for himself. For instance, 
he will soon learn to recognize a standard clear- 
ness and brilliancy of the picture of the bones 
of his own hand or forearm, as the case may be. 

It will be found in the chapter on the Nature of 
the X Ray that some substances are more pene- 
trable by X Rays than others. Thus, aluminum 
is more penetrable (or transparent) than plati- 
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creen, illumiuating its surface evenly, and being 
■etweeu the screen and the Crookes tube au 
paque or seminapaque substance, two things 
appen: first, some of the X Rays are iuter-« 
spted by the substance, and second, those por- i 
ous of the screen not receiving the full number 
: X Raj's do not fluoresce to such a high degree, 
he effect of this is the same as if the inter\-en- 
an of the substance between the Crookes tube,n 
id the screen cast a shadmv on the screen. We J 
erefore actually see not the opaque object ' 
self but its shadow as in the case of light. A 
'hen the object is close to the screen the 
adow is life-size and most clearly defined, 
lile if removed to some distance from 
e screen, the shadow is increased in size 
d loses in distinctness. It is for this reason 
at .some of the bones of the human body which 
nuot by reason of their anatomical situation 

brought close to the screen or sensitive plate 
nuot be distinctly seen in the fluoroscope or 
tlined with great clearness on the sensitive 
ate when photographed. To a great extent 
is defect both in fluoroscopy and photography 
n he obviated by removing the Crookes tiibe 

a greater distance from the screen or plate, 
here are limitations to this, however, as the in- 
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tensity of the X Ray diminishes inversely as 
the square of the distance. Therefore to obtain 
good results at these increased distances requires 
increased power in the Crookes tube itself. 

The fluoroscope is already an invaluable aid 
in surgical diagnosis. Foreign bodies, such as 
bullets, needles, etc., maybe located in the flesh, 
fractures may be discovered, or distinguished 
from dislocations and the organs of the body, 
like the heart, liver and 
spleen, may be outlined. 
Of this more will be said 
in detail later on. A sketch 
of the Edison fluoroscope is 
shown in Fig. 40. This 
instrument is manufactured 
by Messrs. Aylesworth & 
Jackson, Orange, N. J. 





CHAPTER V. 



PHOTOGRAPHIC Al'PARATt'S. 

Many people call this the " Electrical Age." 
It is. It might also be called the " Photographic 
Age." The number of people who own photo- 
graphic cameras is enormous ; the number who 
expect to some day own such apparatus is still 
greater. It is a difBcult matter to meet a person 
who has not done more or less with photography 
and who has not quite decided views as to which 
is the best camera and which the best developer ! 
In fact, the wide-spread knowledge of photography 
is, in a large degree, responsible for the universal 
interest and curiosity concerning the X Ray. 
The photographer has become so accustomed to 
consider " light " to be an absolute requirement 
in his work that he is impressed at once by the 
unnalural process of taking pictures in the dark 
and of that which he cannot see. He was at first 
so convinced that it was impossible to see through 
a pine board or a man's body that he was inclined 
to believe the whole X Ray excitement to be the 
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product of the imagination. Like all who doubt 
he must see to believe. But when once he has 
seen, he is naturally inclined to ascribe to tte 
new agency powers which it does not possess, 
It will be our effort to point out the limitations 
as well as the astonishing capabilities of the new 
discoverj'. 

Another photographic idol will be shattered 
when it is found that in the " photography of the 
invisible " no camera is needed. How this sim- 
plifies matters 1 Only a sensitive plate, which 
can be bought of any dealer, and a suitable holder 
for the same are required. If you have no 
camera and no d:irk-room, no developing iitensils 
and no knowledge as to the development of 
negatives, you may still take X Ray pictures. 
If you have a camera and all the necessaries of 
dark-room equipment yon may use them, but 
a aiiiicra lannot be used except to photo^q^raph the 
sliadoiu image cast by llie X Rav upon ajliiorescent 
screen. More will be said about this process ii^ 
Chapter VI. of Part III., but there are a fe\v' 
points connected with photograph v which will be 
considered here. 
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-faceSy but are, in realitj-, as has been said, 
idozv pictures. The X Ray penetrates some | 
astances more readily than others, just as 
ar glass is more transparent than paper to 
ilight. It is ■ odd, however, that some of ' 
■ substances most easily penetrated by 
: X Ray are very opaque to ordinary light. 
>f. Roentgen showed In his original annonnce- 
nt (see appendix) that aluminum is about 200 
les more transparent than platinum to the X 
y, yet both metals are opaque to sunlight, 
e X Ra}' will penetrate flesh and bone, but 
1 penetrate flesh much more readily than bone, 
erefore, if the hand is placed between the 
3roscopeandtlieCrookes tube and the X Ray is 
ijected through the hand, it will be seen by the 
jroscope that the Ixines cast more of a shadow 
u the transparent flesh and stand out in bold 
ef. 

t will be interesting to uote that carbon in any 
:]i — as diamond or as coal or graphite — i.^ 
lost perfectly transparent to the X Ray, while 
i is almost totally impenetrable by it. 
-Vhile the X Ray has been reflected to a slight 
free by Prof. O. W. Rood aud also b\' Mr. 
kola Tesia in the course of some brilliant ex- 
tents, it has not been found on the whole to 
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obey the usual law of reflection as applied to 
light. 

The X Ray possesses another remarkable 
property, very interesting to the student of pho- 
tography. It has not yet been found possible to 
refract it. You will remember that refraction is 
the bending of a ray of ordinary light out of its 
coiirse when passing from one medium to another 
of different density. Thus when light rays pass 
from air into glass {at an angle other than a right 
angle to the surface of the glass) they are re- 
fracted or bent from their course ; they are bent 
once more when they pass again from the glass 
to the air. The rays of light coming from the 
candle A, to the right of Fig. 41, pass through 
the glass lens B, and are so refracted that if a 
screen was placed at C an inverted and smaller 
image of the candle would be thrown upon it. If, 
howe\'er, we were to put a Crookes tube in which 
X Ra5'S were being developed at A, we would 
find that instead of being refracted by the lens 
the X Rays would 
. pass straight through 
the glass notwith- 
standing its lens 
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X Ray pictures except when they are thrown 
iipuii a fluorescent screen. When this is done 
the photographic action i.s produced, not by X 
Rays, but by ordinary light rays given off by 
the fluorescing crystals on the screen. 

A great deal of experimental work has beeii 

bne by Mr. Edison and others to determine as 

which was best to use, a " quick " photographic 

'late or a " slow " one, that is, a plate very sensi- 

Sve to light effects or one not so sensitive. The 

■■''esults of these numerous experiments seem to 

iH-dicate what may appear strange, namely, that 

3-11 impression can be made upon a " slow " plate 

03-' X Rays in the same time as upon a " quick " 

plate, and that a " slow " plate may be really 

Pt*eferable as there is less danger of its fogging. 

Either may be used. The reason for this is 

^Iiparently that it is not so much a question of 

length of exposure as of quality of the X Ray 

t>^ng developed. As time goes on and operators 

t>^come more skillful in the handling of their 

^X^paratus, X Ray photography more and more 

'"i^arly approaches instantaneousness. 

In closing this chapter the reader is re- 
ferred to the chapter on Photographic Notes in 
'^lie next Part of this book for practical suggestions 
^vs to the development of plates and other matters 
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of kindred interest. If you know nothing of 
photography that should not discourage you from 
'experimenting with the X Ray as the processes 
are easily learned, The amateur can, if he so 
wishes, have his exposed plates developed by a 
photographic supply man. If it is desired to 
purchase cameras, or any other photographic 
apparatus for use in connection with X Ray 
work, the best plan is to go direct to a dealer in 
these supplies and ask his advice. If you wish to 
fit up a dark-room the dealer can inform you as 
to just what is needed in the way of lanterns, 
colored glass, trays, graduates, chemicals, etc. 
He can also give good advice as to the use of a 
camera and the making of " prints " after the 
negative has been developed. 



PART III.-OPERATTON. 

CHAPTER I. 

THE CHOICE OF APPARATUvS AND HOW TO MAKE 

PROPER CONNECTlONvS. 

One of the greatest difficulties which will 
present itself to the experimenter is the choice of 
proper apparatus for the production of X Ray 
effects. It must be confessed that pioneers in 
this field of research have made none, too explicit 
statements as to their precise methods of opera- 
tion. 

Roughly speaking, there may be said to be 
three general methods of operation, involving the 
use of (i) influence or static electrical machines; 
(2) induction-coils whose primary circuits are 
supplied either with continuous or alternat- 
ing electrical currents ; (3) Tesla transformers 
utilizing oscillatory electrical currents. 

79 
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( I.) Static Machines. — If the experimenter 
has at his disposal a static machine and a Crookes 
tube, it is only a question as to how to combine 
them to produce the desired effects. 

The first thing to do is to find which of the 
prime conductors of the static machine is positive 
and which is negative. As will be seen from an 
inspection of the Holtz machine illustrated in 
Fig. 9 there are sets of " combs " or " collectors " 
on each side of the revolving glass disks. If we 
operate the machine in the dark we will notice 
that at those combs opposite one of the prime 
conductors there will be a brilliant " brush light " 
discharge extending from the combs along the 
surface of the glass. This " brush " discharge is 
positive and is very different from the discharge 
at the negative combs which appears in the form 
of bright star-like points of light. That prime 
conductor which is an extension of the positive 
combs will be, by inductiou, a negative pole; in 
like manner the otlier prime conductor will be, 
by indiictiou, a positive pole. 

When these polarities have been determined 
it becomes necessary to connect to each prime 
conductor a small condenser in the form of a 
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Fig. 42 is an illustration of a conventional form 
of the Leyden jar. A 
brass-rod is passed 
through a cork in the 
moiitli of the jar ; at 
that end of the rod 
inside the jar is fast- 
ened a light chain 
which is permitted to ^ 
come in contact with 

the inside coating of - 

tinfoil while the ex- f "=■ in- 

ternal end of the rod is usually tenninated with 
a brass ball. The outside tinfoil coating is 
usually termed the " external armature " and the 
inside tinfoil coating is termed the " internal 
armature " of the Leyden jar. 

There being great danger that the discharge 
from large Leyden jars will crack the glass of 
the Crookes tube, it is desirable that the Leyden 
jars used in this connection should be of such a 
small size that there will not be more than about 
to square inches of surface in either the external 
or internal armatures. However, the size of the 
X,eyden jars employed will be governed, more or 
less, by the degree of vacuum in the Crookes 
, The higher the vacuum the larger must 
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be the Leyden jars. As a rule it will be found 

that the small jars are all-sufficient. 

In connecting the Leyden jars to the prime 
conductors the connection should be to the 
internal armatures, the external armatures being 
connected to the Crookes tube. 

The positive prime conductor as previously 
determined, being connected to the internal 
armature of one Leyden jar will induce a negative 
charge in the external armature of the jar. This 
tlius becomes a negative pole or, as generally 
called, the cathode, to which we must look as a 
source of our cathodic stream and hence of our 
X Ray. The external armature of the other jar 
receives a positi\'e charge and is therefore the 
anode. 

The connections wc have here described will 
lie found illustrated in Fig. 43. 
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Upon starting up the static machine we will 
id that the spark-gap between the discharging 
the key to the successful excitation of 
le Crookes tube. The length of spark passing 
!tween the discharging rods which we may use 
tends upon the size of our Leyden jars. If 
these are of the small size we have advised the 
length of spark will be from \ inches to 3 inches 
m length. On those occasions when the vacuum 
11 the Crookes tube becomes higher the spark 
?ap may be lengthened to 4 or 5 inches. In 
regulating the leugth of spark gap the experi- 
"leiiter must be guided very largely by ex- 
perience. Since both the noise and the light 
from the snapping spark are exceedingly annoy- 
'ig it is a good plan to enclose the spark gap in 
''■ cylindrical drum of ebonite or hard-rubber 
flaring closed ends. This arrangement is very 
.''iniple and the relief it affords to eye, ear and 
■^rain will be appreciated after trial. Fig. 
44 shows the general arrangement of parts, 
tlie dotted lines 

being the portions C:©^.:^g|^g-:^CO 
of the discharging 
tods inside the "'' '*''' 

cylinder. 

It may be mentioned that the Leyden jars may 
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be omitted provided the spark gap is put in 
series with the Crookes tube, but the jars increase 
the condenser action of tlie prime conductors riiid 
better effects are produced by their use.' 

(2.) IxDtxTiON Coil.. — Although, as has been 
shown above, the static machine ma}' be tised 
for the production of X Ray effects, the induction 
coil is by far the most convenient form of ap- 
parattis for this purpose. Bj' its tise more pow 
erful X Ray effects are obtained and the time of 
exposure lessened. 

The first thing the reader will want to kno* 
is the size of induction coil be ^vill be called 
upon to purchase if he wishes to experiment. As 
regards this point he must be guided by the 
nature of the work he wishes to accomplish. H 
he is content with pictures of metallic objects 
laid upon a plate-holder, of coins within a purse, 
or even with pictures of the hand (where a long 
exposure would not be an objection) a coil capa- 
ble of giving a spark 2 inches in length will 
suiHce. If, however, it is desired to obtain suc- 
cessful pictures of the hands, arms, feet and lower 
portions of the legs, a coil having a 4-inch spark- 
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length will be required. If, finally, he wishes to 
take a picture of the shoulder, chest, abdomen, 
hips or thighs, it is essential that he have a coil 
with a spark-length of 8 or 10 inches. As a 
summary of these remarks it may be said that 
for reasons which will presently appear in rela- 
tion to the treatment of the Crookes tube a coil 
giving an 8-inch spark will be found to answer 
all purposes above enumerated. 

This coil is a fundamental piece of apparatus, 
but there are a number of accessories which must 
now be considered, as necessary for an induction 
coil outfit. It must be decided whether director 
alternating current sources shall be selected for 
the primary circuit. An opinion has already been 
expressed that the alternating current was not so 
effective as direct current when derived from a 
dynamo machine, but when batteries are used the 
chief inconvenience in altering the direction of the 
primary current is the necessary use of a double 
break-wheel. It is therefore advised that the 
iirect current be used iu the primary circuit, in- 
■upted either by a vibrator (see Fig. 28) or by 
a break-wheel (see Fig. 26). Here also a choice 
must be made, nameU-, between the vibrator or 
break-wheel. Both mechanisms work satisfact- 
!ly, but each has its own field of usefulness. 
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The choice is really dependent upon the voltage 
available for our primary circuit. 

If the Edison current (supplied by a d3-naiO* 
at about no volts) be used with a vibrator it^ 
platinum contact points will speedily be ruine<i- 
This will not happen if the source is a battery o* 
a few primary or storage cells, as then the voltag'^ 
is quite low. But batteries are expensive au*^ 
take up much room and need constant recharge 
ing or refilling. 

On the other baud, if a djmamo cun-ent is usec^ 
we require a break-wheel and blower run by'' 
electric or other motor, but escape all trouble^ 
from the batteries. The bre;ik-wheel is a neces — 
sity when high voltages are used, as it is useless 
to try to escape the destroying action of the 
dynamo current by cutting down its pressure 
with resistances. There is no question but that 
batteries and vibrators can and will be exten- 
sively used, but the advantages in the use of 
dynamo current are so great that its use is ad- 
vised when it can be conveniently obtained. 
The kind of vibrator to use ma\' safel3- be left 
with the instrument-maker, but the best form of 
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whose purpose it is to blow a stream of air 
at the spark which takes place on the break- 
wheel when the circuit is broken. Bj' many 
the condenser is considered amply sufficient to 
cnt down the sparking, and there la no doubt 
that the spark will be materially reduced espe- 
cially if a condenser is used whose capacity may 
be regulated at will. Sufficient condenser capac- 
ity should be employed to practically " kill " the 
sparking at the break-wheel ; the operator can 
I'eadily determine how much to use when he has 
:i regular variable condenser to control by watch- 
iiig-the spark. On the whole, basing the opinion 
"11 practical experience, it is almost impossible 
l'> get along without a blower when dynamo 
t'Urrents are used. To demonstrate this in prac- 
tical working, if the supply of air is temporarily 
cut off from the break-wheel, these things will 
occur: (i) A considerable lengthening of the 
spa.rk on the break-wheel will appear; (2) a spark 
previously just able to pass between the dis- 
charging rods on the induction-coil will cease to 
pa-ss ; (3) the vacuum tube heats up more rapidly- ; 
and (4) the most important of all, the actual pro- 
duction of X Rays in the Crookes tube notably 
diiBinishes. It would appear, therefore, that 
'>oth a condenser and a blower should be used to 



J 



88 The X Ray. l^l^^l^ 

produce the best X Ray work with high voltage 
current in the primary. 

The only other necessary apparatus required 
in this connection are the proper rheostats to 
govern the current respectively supplied to the 
primary of the induction-coil, the motor which 
drives the break-wheel and the motor which 
drives the blower. 

Fig. 54 (with Plates at end of book) is a photo- 
graphic half-tone reproduction representing the 
apparatus above described as arranged for the 
actual taking of an X Ray picture. The devices 
here shown are now being assembled into more 
compact form for greater convenience and port- 
ability. The connections between the different 
devices will be readily seen from an examination 
of the diagram given in Fig. 45. 
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It onlj' remains to be said that the break-wheel 
in the combination of apparatus here described, 
has 8 breaks, and is made to revolve 6,000 times 
per minute, so there are 48,000 makes and breaks 
each miiinte. 

(3.) Tesi-A Transformers. — While the early 
and beautiful work of Professor Roentgen and 
his German collaborators was performed with 
very simple apparatus, namelj^, the induction-coil, 
nevertheless, as interest in his discovery in- 
creased, additional means for exciting Crookes 
lubes were brought to public uotice. Among 
these the one of most importance was the use of 
the Tesla high-potential, high-frequency cur- 
rents. Mr. Tesla has himself demonstrated how 
by these means an X Ray of extraordinary 
power may be produced, e\-eii to the extent of 
affecting a photographic plate at a distance of 
forty feet. These effects were produced by 
apparatus on a large scale, but modifications 
have been made which permit the amateur to 
avail himself of a Tesla outfit. 

Essential to the outfit is the Tesla trans- 
former. This, in brief, consists of an induction- 
coil having but a few widely separated or well- 
insulated turns of primary wire and a compara- 
tively few number of turns of highly insulated 
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secondary' wire. The ratio of secoudary turns L 
primary turns may be 24 to i, and the insulatioi 
used is generally oil. A cut of a Tesla coil m 

shown iu Fig. 46 connecte ^t 
througli Leyden jars to an ir 
diiction-coil. 

The distinctive peculiarit 
of the Tesla coil is the fac 
that its heavy primary sen-e 
as a pathway for the succe; 
sive discharges of the Leydei^ 
jars, governed by a spark gap. 
i'Tii.46. The discharges are oscillatorj' 

in nature and the current is therefore alteniating 
and of high frequency of alteniation — muct 
liigher than is possible to obtain from any con- 
structiou of dynamo machine. Fig. 46 slioWS 
the Leyden jars to be charged from the second- 
ary terminals of an ordinary induction coil, b^**' 
they may also be charged in other ways. TIji^ 
may be done either by a static machine or I^Y 
connection with the ordinary tran.sfonner givi**^' 
52 or 104 volts when used on the street altem^*^ 
ing current electric lighting system. 

To iise the Tesla transformer with a stat;*' 
machine, it is only necessary to connect i"*^' 
,the external armatures of Leydc^ 
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rs as shown io Fig. 47. The jars used in 
this case may be of the 
largest size, as there 
is by this arrangement 
no danger of breaking 
the Crookes tube. lu 
this case also, a long 
spark-gap and a power- 
ful spark ma}' be used. 
Indeed, with a proper 
Tesla coil this method 
ould be an excellent means for exciting the 
■ookes tube for the production of the X Ra_\-. 
When current from the street mains is used, 
e same connections as shown in Fig, 46 will 
f5ce with the exception that the street-current 
iiisfomier takes the place of the ordinary in- 
iction-coil. 





CHAPTER II. 

ON THE NATURE OF THE X RAY. 

The letter X, it is of course well understood, 
is used in algebra to represent an unknown quan- 
tity. For this reason Prof. Roentgen modestly 
termed that special form of radiation from a 
Crookes tube noted by himself the X or unkn(mn 
Ray. 

As there are several terms which have not 
yet been explained, and as an appreciation of 
them is a matter of necessity in a study of this 
subject, we will go back of Prof. Roentgen and 
indicate in a general way some of the steps which 
lead up to his discovery. 

Faraday invented the terms anode and cathode 
to indicate the conductor-terminals by which a 
current enters and leaves an electrolytic cell, 
which is a cell in which chemical changes in the 
liquid used are produced by the passage of an 
electric current through it. By anode he re- 
ferred to the element from which the current 
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lassed iuto the electrolyte, and by cathode he re- 
ferred to the element to whieh the current passed 
1 the electrolyte. He also studied the effects 
: electric discharges within rarefied gases and 
btpanded the application of the above terms \i\ 
•calling the terminal from which the current 
passed into the vessels or tube containing the 
rarefied gases the anode and the terminal to 
M'hich the current passed from the tube the 
vatliode. 

After Faraday came Geissler, who improved 
ihe tubes containing the rarefied gases, sealed 
in permanent platinum electrodes, increased the 
degree of rarefaction of the gases and experi- 
mented with many different gases in his tubes. 
The world was thus made familiar with the heau- 
tiful effects from the Geissler tubes now so well 
known. 

It was quickly noted that the gases behaved 
differently at the anode and the cathode. At 
the cathode appeared a heautiful bluish light 
while the balance of the tube including the space 
about the anode presents a general and diffusive 
glow. One of the most beautiful effects produced 
in Geissler tubes was that of fluorescence or 
phosphorescence, and this, it was noted, was to 
traced to the effect of the cathode. It was 



even further noticed that the influence from tlif 
cathode moved in straight lines and thus ilie 
term caihodic rays was introduced and the 
cathode became a central point of interest. 

The next great advance in the study of tk 
cathode in rarelied gases comes from the brilliaiit 
researches of Prof. William Crookes, who in iS/9 
and snbsequeiitly, published a series of remark- 
able papers upon Radiant, or, as he preferred W 
call it, a Fourth State of Matter. 

As is well known, matter is commonly sup 
posed to exist in a solid, liquid and gaseous 
state, Faraday, it is true, had already suggesieu 
a fourtli or radiant state of matter, in which tk 
molecules were relatively as far apart as com- 
pared with those of a gas as the luolecnles of a 
gas were as compared with those of a liquid- 
But it remained for Crookes to actually demon- 
strate, by the aid of his high vacuum tubes, 
that sucli was apparently the case. 

Croolvcs directed his attention mainly to the 
influence proceeding from the cathode, and coO' 
ceived that electrified particles were projected iO 
straight lines in ^vhat he termed " a mean frBf 
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Tt that they could move in such a path with- 
t jostling one another and could thus acquire 
^m high velocity and produce effects otherwise im- 
;possible. A main effect noticed was a certain 
^'Ixmibardment of the walls of the tube by the 
'molecules projected from the cathode, producing 
[ at fluorescence of the glass, and capable of being 

■ Hitercepted by solid bodies placed in their path- 

■ TOy within the tube. An illustration of this 
interception and fluorescent effect was noted 
m connection with Fig. 31 in Chapter III. of 
PkrtIL 

These views of Crookes re- 
garding the nature of the cath- 
odic rays may be termed the 
English view in contradistinc- 
tion to the German view 
which assumes the cathodic 
rays are a special kind of 
vibratory motion of the ether. 

The following beautiful 
experiment from Crookes illus- 
trates the projection of a cath- 
odic stream in a straight line from its source, and 
represents a condition of affairs which will often 
cxrcur to the experimenter. 

Take a globular ' Crookes tube similar to the 




Fig. 48. 
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one shown in Fig. 29 and reproduced in Fig. 48 
and connect the electrodes B, C and D alternately 
to the anode of the induction coil and the cup 
electrode A to the cathode. If there is a low 
vacnnni in the tube the electric discharge will 
proceed from the cathode by the shortest path to 
the electrode to which, for the time being, the 
anode has been connected. This is clearly shown 
in the illustration, Fig. 48. 

If, however, the vacuum- in this tube be raised 
to a millionth of an atmos- 
phere a very different effect will 
be obtained, for although the 
anode be connected to either 
B, C or D, the cathodic stream 
will be concentrated on the glass 
wall of the tube, as shown in Fig. 
■IQ. It will be seen that the 
stream will be projected from 
tlic cup-shaped electrode A in 
straight lines which will be 
i-T<;, 4(). brought to a focus {due to the 

siiiipe of the electrode A) and then concentrated 
as shown, totally irrespective of the position of 
the anode terminal. This shows that the action 




It M-ill be observed that so far as relates to 
Crookes the cathodic rays were investigated 
willihi the tiibe or bulb, and it was not supposed 
they passed through the glass walls of the 
vacuum tube. 

Hertz showed that the cathodic rays passed 
through thin sheets of metal placed within the 
bulb, but it was reser\ed for Paul Lenard, his 
pupil, to establish the existence of the cathodic 
ray outside the bulb by pro\-idiug a small 
window, so to speak, of aluminum in the glass 
Wall opposite to the cathode. Through this 
window, which ordinarv light could uot pene- 
trate, the cathodic rays freely passed, but only 
to a distance of about three inches. This actual 
existence of a cathodic ray outside the glass bulb 
he demonstrated by noting that fluorescent 
effects (common euoitgh within the bulb) were 
now produced outside it, as well as photographic 
effects. The eye perceived no effect as would 
have been the case had the cathodic rays been 
similar to light, although Lenard considered the 
cathodic rays to be of the same nature as light 
rays, It was Lenard who pointed out that the 
cat^iodic rays outside of the tube could be de- 
flected from their straight course by a magnet. 
Kd, indeed, showed that cathodic rays might 
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pass through substances opaque to light and casl 
" shadows " of other objects less opaque, and 
that these " shadows " might be impressed upon 
an ordinary photographic plate and be developed 
and fixed in the usual manner. 

The special properties of the cathodic raj's 
appear to be briefly as follows : 

(i.) That they leave the cathode in straight 
lines independent of the position of the anode. 

(2.) That they exhibit themselves only in very 
high vacua. 

(3.) That they produce a luminescence of the 
rarefied gases and a fluorescence or phospho- 
rescence of the wall of the tube or bulb, or of 
certain substances contained within the tube. 

(4.) That they are deflected from their straight 
course by a magnet exactly as if they were an 
electric current moving along a conductor. 

(5.) That particles of material from the elec- 
trodes are carried along the line of movement, 
thus often coating the walls of the tube with 
these particles. 

(6.) That they may be concentrated or focused 
to a point bj' gi\'ing the cathode itself the form 
of a concave mirror or be otherwise distributed 
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.1 Crookes tube the cathode is heated, as would 
be the case in an electric arc in the air where the 
negative pole is commonly the hottest. An ex- 
periment which you can readily try yourselves 
with your induction coil is to connect the ter- 
minals of the secondary with a piece of fuse-wire 
iT fine lead wire; when the current is passed 
tlirottgh the coil the end of the wire attached to 
the negative terminal becomes most heated and 
melts. 

And now comes Prof. Roentgen, the importance 
of whose di.scovery consists largely in the in- 
terest he has excited throughout the world and 
the marvellous impulse he has given to experi- 
mentation on both sides of the Atlantic. While 
Lenard had led his cathodic ray outside the bulb 
and noted fluorescent, phosphorescent and photo- 
graphic effects, as well as the penetration of thin 
'avers of substances of different densities, yet 
'■^lien Roentgen produced similar effects at com- 
paratively enormous distances from the tube, and 
to the extent of depicting the bones within the 
living flesh, the world's amazement knew no 
Ijounds. He transformed what had been nierelj' 
an interesting scientific fact into a positive power 
for good, which will affect the entire human race. 

Roentgen claims that his effects are due to a 
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different form of radiation from that of Lenard 
and his predecessors of the cathodic ray, and 
offers in main proof of this contention that while, 
as has been stated, the cathodic ray can be de- 
flected by a magnet, the Roentgen or X Ray is 
not so deflected. In view of the importance of 
Prof. Roentgen's contention the reader's atten- 
tion is called at this point to the original com- 
munication to the Wiirzburg Physico-Medical 
Society of December, 1895, which is reproduced 
in full in Appendix A. 

This communication will bear most careful 
study, since but little has been added to Prof. 
Roentgen's carefully prepared announcement by 
subsequent investigation. 

It would be beyond the scope of this work to 
here enter into a discussion as to whether the X 
Rays are Lenard ra3-s or are ether vibrations 
transversal as in the case of ordinary light or 
longitudinal as Roentgen shows a disposition to 
believe. 

Of the host of investigators who have rushed 
into the examination of the X Ray, while some 
lean toward the longitudinal wave-theory and 
some towards the transversa] wa\'e explanation, 
and some towards the belief in a stream of elec- 
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tot such wave has not as j'et been discovered 
t the ether. That the X Ray is such a wave 
Mhe ether was Roentgen's original surmise. 
Mr. Tesla believes the X Radiation to be a 
Istream of material particles projected from the 
' cathode, capable not alone of penetrating tlie 
glass walls of the bulb or tube but also of being 
projected onwards into space, in greater or less 
degree penetrating some substances like ilesb, 
leather, wood, etc., and arrested by other sub- 
stances like metals, bones, etc. According to 
this view a " bombardment " outside of the tnbe 
may be conceived of similar to that long recog- 
nized to exist within the tube. 

Many observers of the French school are of the 
opinion that the X Ray is of the nature of light, 
namely (in the lack of a better descriptive tenn), 
invisible or black light. 

invisible or black light. It will probably be 
found and measured beyond the visible spectriun. 
Happy the discoverer of the nature and true 
^wurce of the X Raj-. 

^t Enough has been said to afford the experi- 
' tnenter at least a preliminary basis upon which 
to work and which he can extend at liis leisure 
by further references. 



CHAPTER in. 

THK SOURCK OF THE X RAY AND HOW DEMON- 
STRATED. 

Prof, Roentgen had something to say as to 
where the X Ray came from and it will be inter- 
esting at this point to quote from his communi- 
cation : 

" {i2.) After experiments bearing specially 
on this question, it is certain that the spot on the 
wall of the discharge apparatus, which fluoresces 
most decidedly, must be regarded as the principal 
point of the radiation of the X Rays in all direc- 
tions. The X Rays thus start at the point at 
which, according to the researches of diflferent 
investigators, the cathode raj^s impinge upon the 
wall of the glass tube. If one deflects the cathode 
raj-s n'ithin the apparatus by a magnet it is 
found that the X Rays are emitted from another 
spot — that is to say, from the new termination of 
the cathode stream. ... I therefore come 
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'. with the cathode rays, but that they are 
nerated by the cathode rays at the glass wall 
the discharge apparatus," 

This view of Prof. Roentgen has been enlarged 
on as experimentation, has progressed to the 
tent that not only is the fluorescent spot on 
2 glass considered to be a source of the X Ray 
t also any substance placed within the tube 
ainst which the cathodic stream impinges is in 
:e manner a source. This leads to the general 
option of the theory that the X Ray is at least 
ticathodic, until as we have pointed out, Bat- 
.li and others put forth other explanations. 
One of the earliest experiments made in this 
uiitry demonstrating a point of origin for the 
Ray and that this might be from an anti- 
c a t hodic sub- 
stance indepen- 
dently mounted 
within the tube 
was made by Dr. 
Morton and com- 
municated to T/ie 
El cctr ical En- 
gineer^ appear- 
** ■ ing in the issue of 
March 25th, 1S96, 
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The tube used in the experiment described ii 
the above journal was a long reflecting tube hav- 
ing a cathode at one end and a block of sulphide 
of calcium near the other end. Fig. 50 will show 
how the tube was placed over a photographic 
plateholder on the slide of which were arranged 
forty little screws standing on their heads. These 
forty screws were set one inch apart in five rows 
of eight screws each. When the static machine 
(which may be replaced by an induction coil) 
was excited the cathodic stream was projected 
upon the cube of sulphide of calcium and X Rays 
were developed as shown by the dotted lines in 
the illustration. The photograph resulting from 
this arrangement is reproduced in Fig. 51 {with 
Plates at the end of the book) which shows that 
the third screw from the bottom in the middle 
row casts no shadow aiid was therefore directly 
under the point of greatest intensity of the X 
Rays. . This screw was directlj' under the edge 
of the sulphide of calcium nearest the cathode. 
The other screws cast shadows which correspond 
exactly with a radiation from the block of calcium 
as a source. A further exeuipHficatiou of this 
may be foiiud in the focns tubes aln 
The lunateur may : 
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and thus determine for himself, photographically, 
the source of the X Ray in his own tnbe. 

The question still remains open, however, as 
to whether the X Ray actually springs hito being 
at the platinum or other anticathode placed inde- 
pendently within the tube. But no matter what 
view is held it still remains true as a matter of fact 
that the X Rays are projected in all directions from 
that side of the reflector opposite to the cathode, 
forming what may be called a " hemisphere of 
X Ray activity " and a " dark hemisphere " in 
which practically no X Rays will be found. This 
is clearly shown in Fig. 52 (frontispiece) which 
illustrates a simple focus tube having a cup- 
shaped cathode A, of aluminum and a flat disk 
of platinum, B, placed at an angle of 45°. For 
clearness of explanation the catliodic stream is 
indicated as short blue arrows projected towards 
the reflector B, the X Rays emanating from the 
latter as indicated by the longer red arrows. 

These hemispheres of activity and non-activity 
may be determined either photographically or 
fluoroscopically as the " field " may be explored 
with the fluoroscope and the sharp line of de- 
marcation between the two " hemispheres " very 
clearly seen. Within the limits of this hemi- 
lere of acti\ity au object opaque to the X 
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Rays will cast a shadow invisible to th 

unlike the shadow cast by ordinary ligl 
possible to detect by the image it prodnce; 
the photographic plate or upon the fluorc 
screen. 
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CHAPTER IV. 

X RAYS AND THEIR RELATION TO VACUUM. 

Upon referring back to Figures 48 and 49 it 

will be remembered that Crookes discovered that 

after a certain degree of exhaustion of the tube 

was obtained a true electric discharge no longer 

took place from one terminal to the other and 

that if he continued to pump out the air, so that 

a higher vacuum was produced, new phenomena 

were observed. 

The most important of these were that the 

discharge from the cathode was projected straight 

across the tube independently of the position 

^f the anode and that the glass walls of the 

*Ube were thrown into a brilliant fluorescence. 

ft is at this stage in the life-histor}- of the vacuum 

^^ the tube that the production of the X Ray 

•^gins, and in speaking of a " low vacuum " from 

tliis time onwards, we refer to such a vacuum as 

"^11 just begin to permit of the production of an 

^ R^y. 

As sold by the manufacturers the Crookes 
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tubes purport to be adapted for certain lengtlis 
of spark ; for instance, tubes are sold for li, 2, j, 
4, 6 incli, and greater lengths of spark as given 
by induction coils. This is correct enough in 
one point of view, namely, that the vacuum tube 
when purchased must not possess a vacmini 
which offers too great a resistance for the electric 
pressure of the coil to overcome. Thus, if you 
have an induction coil giving a two-inch spark, 
it would not do to buy a Crookes tube the resist- 
ance of whose vacuum could not be overcome by 
the two-inch spark. From another point of view- 
it is the experience of practice that a tube bought 
at a low vacuum is by use electrically raised to a 
higher vacuum which will, sooner or later, get 
beyond the capacit}- of any induction coil to 
overcome. This electrical increase of vacuum 
is most noticeable in tubes of the focus type in 
which platinum is employed both as anode and re- 
flector;, it is less noticeable in tubes whose elec- 
trodes are composed of aluminnni. In fact, the 
vacuum of a Crookes tube is a constantly chang- 
ing quantity and can never be relied upon to 
remain constant. As a consequence, the cath- 
ode rays change with every clnmge in the 
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lire liis work by any given length of exposure, 
but rather must judge of it by aid of his experi- 
ence with the fluoroscope. A few brilliant 
flashes of the X Ray as shown by the fluoroscope 
will produce effects upon a sensitive plate that 
hours of exposure to a more moderate X Ray will 
fail to accomplish. It is for this reason that the 
experimenter must make himself familiar with 
that stage of vacuum in his tube adopted to his 
irk and how to produce it. 

In discussing this problem of the proper 
manipulation of the vacuum to get satisfactory 
X Raj' effects it is desirable to consider, first, 
the raising of the vacuum electrically and, second, 
the lowering of the vacuum by artificial means. 
To Raise the Vacuum Electrically. — X 
K.ay photographing of dense or opaque objects 
like the thighs, head and trunk, cannot be done 
with a low vacuum tube. The tube must .be 
" worked up " to a poiut where it will do work of 
this class. The method of procedure would be 
as follows : 

The experimenter for instance has a focus tube, 
which is properly attached to his apparatus. The 
fluoroscope must be in hand and be his guide. 
Set the discharging rods so that a one-inch spark 
will pass and start the current. If there is any 
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blue color streaming along tlie inner walls of 
the tube between the anode and the cathode 
its vacuum is too low and only a weak X 
Ray is obtainable. If there is only a little 
vaporish blue it will usually soon disappear 
and be replaced by the absinthe-green color char- 
acteristic of good cathodic stream production ; if 
it is uniformly blue it may require the current 
to be applied for several hours to cause its disap- 
pearance; if decidedly reddish or purple or 
white it is hardly worth while to try to raise 
the vacuum electrically, while if a direct arcing 
stream of electric discharge passes between the 
electrodes the tube should be re-exhausted — its 
vacuum is too low for practical purposes. 

At certain stages of vacuum the cathodic 
stream is clearly seen to be a faint blue glow 
extending from the cathode and perpendicular to 
it. This glow has been demonstrated to be a 
stream of particles of gas shot with extreme 
velocity away from the cathode. 

But, granting that the tube has vacuum 
enough to show no blue color it may still be, 
from the point of view of practical X Ray work, 
tube. It is working within a 




though it gives a fair X Ray, yet this X Ray 

has little penetrating power and fails to effect the 
fliioroscope at any considerable distance, say, for 
instance, four feet away. 

It is at this point in the life of the tube that 
judgment and knack are required. The vacuum 
must be raised electrically. To accomplish this 
a moderate current must be passed through the 
tube continuously, the operator watching its 
behavior all the time with the fluoroscope, at the 
same time observing whether a spark jumps 
across the gap-space and watching the electrodes 
to see that they do not become too hot. When 
the vacuum is tlnis low in a focus tube the 
platinum may heat to a red or even to a white 
heat. This should be prevented either by re- 
ducing the current still more or by interrupting 
its flow for a few moments. In a few minutes, 
after passing this moderate current through the 
tube it will be noticed that a spark will jump 
across the inch space between the discharging 
rods ; these must now be moved half an inch 
further apart. Again, after another interval, the 
spark will again jump and the rods must be 
again separated until another spark jumps. 
This process is repeated until a vacuum is 

B:hed which will force 3, 4, 6, S or more inches _ 
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of spark to jump across between the discharging 
rods, rather than pass through the high resist- 
ance of the tube. In practice, for heavy work, it 
is best to reach at least a six-inch spark, when the 
tube will work cold. It does not heat up and its 
X Ray is beautiful, as shown by the fluoroscope. 

In this manner the tube is brought up to the 
point of power required for different kinds of 
wbrk. If, for instance, it is proposed to take the 
trunk or other dense portions of the body the 
tube should be worked up with the same 
moderate strength of current all the time to the 
point where a 6-inch spark will pass bet^veen 
the discharging rods and then save it for that 
case. 

However, it is as yet difficult to make positive 
assertions for a tube maj' be run cold and at a 
high vacuum and produce most intense X Rays, 
or again it niav be run hot and with a red hot 
platinum and also produce them. 

But suppose this electrical raising of the 
vacuum does not proceed as favorably as here 
outlined. What has taken place ? The most 
noticeable thing is the heating of the glass ; the 
glass walls of the tube are hultijr than the hand 
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luriied off and on in this wav, care being taken 
that the tube never becomes very hot. By 
testing with the discharging rods to see what 
length of spark will pass, it will be noted that as 
the tube becomes hotter the vacuum - becomes 
lower and the spark gap will be shorter. The 
electrodes now heat up rapidly and if this 
lowered vacuum has been produced while working 
with a large amperage there may be a sudden 
rash of current through the tube itself, breaking 
down the glass at its contact with the platinum 
entering wire and the operator sees the charac- 
teristic green of his X-Ray-producing tube sud- 
denly turn to blue, then to purples and whites and 
soon to an arcing stream from electrode to elec- 
trode. The tube is ruined. 

In the low vacuum tiibe the heating of elec- 
trodes to a white heat is equally to be avoided 
with the heating of the glass ; both lower the 
vacuum. With experience the operator will soon 
learn how to raise his vacuum electrically to a 
desired point. At this point neither the tube 
nor the electrodes should heat. 

So much for electrically raising a low vacuum 
tube to a working point. But there is another 
aspect to this n"''"'--'j»n and that is this: By use, 
'herwise, the vacuum 
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is in any event sure to rise. This is one of the 
greatest practical defects of the Crookes tubes at 
present in use. A vacuum is finally reached 
where the current, in the form of sparks, will 
pass only outside of the tube from electrode to 
electrode. This point is obviously determined 
by the distance apart of the portions of the ele^ 
trodes external to the glass. If these electrodes 
are only three inches apart then the activity of 
the tube for X Ray purposes is at an end when 
its vacuum rises to a point where the potential of 
the coil causes a spark to jump across a three- 
inch air-gap rather than overcome the resistance 
of the vacuum. If the electrodes are 6 inches 
apart the same reasoning holds good and the 
tube's usefulness ceases when a 6-inch spark will 
jump from electrode to electrode externally to the 
glass. For this reason, to penetrate dense struct- 
ures with X Rajs it is essential that the external 
entering points of the electrodes should be far 
apart. This is accomplished by employing a 
large bulb, or better still, by elongating the glass 
even to the extent of fusing on glass tubes at the 
entrance point of the electrodes. See Fig. 34, 
Fiuallv as has been said there comi 
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in overcome its resistance. The tube must 
^ be sent to be re-exbausted. 
[Rbduction of Vacuum by Artificial 
BANS. — When it was first noted that the 
Iqatun of a tube became raised to an inipractic- 
pe point, it was lowered bj* putting the tube in 
I oven and heating it to 400 or 500 degrees, 
i|by boiling it in oil. 

[But the delay and trouble of doing this may be 
nided by the simple operation of heating the 
|be in its working position bj- aid of a spirit 
DDpor a Bunsen burner. For instance, the 
Krator beg^s work with a tube whose vacuum 
bes a six-inch spark to pass between the dis- 
Ittging rods of the coil. This may not leave 
In enough margin of capacitj^' in his coil, so he 
ilnsoff the current and carefully heats the tube 
IAl the flame of a spirit lamp. This must be 
pe boldly and yet caref ullj-. The flame should 
l^ple and swayed across the bottom of the 
P^ never resting in one place, until at last the 
ptcre tnbe has become evenly hot; then the 
bp is withdrawn to a distance and the current 
toed on. If the sparks still fly around the 
itside of the tube the heating must be con- 
"med. . 
Finally there comes a moment when, upon 
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tuming on the current, it passes through rather 
than outside of the tube, and then X Ray work 
may begin. The amateur will often have an 
exciting contest with his vacuum. Once low- 
ered he may sometimes keep it low by using a 
current strength which keeps his platinum re- 
ilector {if a focus tube is employed) red hot. 

But at last a point is reached when even heat- 
ing with a flame — so far as is consistent with 
safety — fails to reduce the vacuum and again 
the tube is useless and must be sent to be re- 
exhausted. 

In using a spirit lamp one precaution must be 
kept in mind : the alcohol will be ignited if it is 
brought near to the tube while the current is 
passing and an explosion may occur. Again the 
vacuum may be lowered in other ways in tubes 
especially constructed for this purpose. One of 
these ways is that described by Prof. Crookes 
many years ago. To the tube is affixed a small 
extension tube containing a chemical salt, which 
upon being heated by flame from the outside 
throws out more or less vapor. 

Or, as devi.sed by Dr. Morton, an inside carbon 
filament having outside electrodes is mounted 
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d the vacuum lowered. See Fig. 52«, 
manner a tube may be worked for a long 
d the vacuum be adjusted according to 
tances. 
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CHAPTER. V. 

TAKING THE FIRST X RAY PICTURE. 

In describing a method of taking an X Ray 
picture it mnst be remembered that whether a 
one inch or a twelve inch induction coil is used the 
► method of operation is the same. Also, that a 
■ simple subject such as a metallic object is taken 
in the same manner as the chest of a man ; it is 
only a question of degree. Therefore, while for 
simplicity of description we will here choose a 
subject suited to a small coil it is to be understood 
that the modus operandi is the same as if a lai^e 
coil were used. 

We will suppose that the experimenter is now 
ready to proceed. He takes a plateholder con- 
taining, say, a 6^ x 8J- inch sensitive plate whose 
film side is turned upward. The plate must 
be carefully put in the plateholder in the dark- 
room, The plateholder is closed by the ordinary 
fibre slide and may be made for either one or i 
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the fibre slide of the plateholder. For instance, 
let Fig. 53 represent objects picked up at random 
for the experiment : door-kej-s, eye-glasses, pad- 
lock and chain, half-dollar, aluminum medal, small 
wrench and tweezers. The plateholder is now 
ready for exposure. If desirable the plate may 
be wrapped in three thicknesses of black paper 
or in two thicknesses of black focusing cloth 
instead of being put in the plateholder. The 
paper and cloth have the slight advantage of 
bringing the objects exposed a little closer to the 
sensitive plate. 

The human hand is so frequently an object of 
exposure and is so easily taken that we may also 
suppose it to be the object to be exposed in 
place of the metallic objects referred to above. 
In this case the hand should be placed In the 
desired position on the plateholder and three 
pieces of adhesive plaster {commonly to be bought 
at a drug store in rolls one inch in width) be used 
lo fasten the hand firmly to the plateholder, one 
crossing the wrist transversely, another crossing 
the thumb and the other the little finger — parts 
most apt to move involuntarily during an ex- 
posure. The adhesive plaster will not show in 
the picture unless it is very much of an under- 
exposure. Either of these prepared plates may 
be used for our first experiment. 
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V It becomes first a question as to how far tte 
plateliolder should be j'^^^ed from the Crook" 
tube. This depends upou the power of the ^ 
Rav at the command of the operator, for, as h^s 
been explained, the greater the distance of tl^ 
Crookes tube from the plateholder, witl»-i» 
reasonable limits, the better will be the definiti^^u 
and themore accurate the picture. With the aho "^'^ 
described objects and an induction coil givi*^§ 
sparks of from two to four inches in length, 1^3^^ 
distance of the plateholder from the tube maj' "^ 
from six to twelve inches. If larger coils a— '^^ 
used ttis distance may he from eighteen inches ^ 
three feet. We arc now prepared to put the a _?" 
paratus into operation. For the sake of conve:::^^' 
ience we will refer to the parts of the apparatus iSS^ 
illustrated iu Fig. 54 and described on page S^^" 
It is presumed that the careful operator h;^^^ 
seen that his machinery is well oiled, that h^^^ 
break-wheel has been polished with sand-papc ^ 
and that all the electrical connections are proj^^* 
erly made, and that the Crookes tube is in posi- "^ 
tioii over the object. It must be observed tha^-- 
the wires leading from the induction coil to th^^ 
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loo near each othei" or the sides of the induction 
coil. 

The first thing to now do is to place the dis- 
charging rods of the coil within easy sparking 
distance. The switch leading to the motor 
driving the break-wheel is now closed and the 
break-wheel made to run at its proper speed by 
adjusting the resistance in series with the motor. 
Having done that the motor driving the blower is 
started in a similar manner. 

The maximum amount of resistance is now put 
in series with the primary of the induction coil 
before closing the switch of that circuit, so as to 
be sure a minimum amount of current will flow ; 
the switch can then be closed and we will note 
what happens. In the last chapter it was shown 
that the condition of vacuum in the tube would 
be shown by the length of spark which would 
pass between the discharging rods of the induc- 
tion coil. This is the time to apply this observa- 
tion. If the vacuum in the tube is too low for good 
X Ray work this fact will be indicated by the 
shortness of the spark and may be verified by the 
use of the fluoroscope. It must be raised electric- 
ally as described in the last chapter. If the va- 
cuum is too high it must be lowered by means of 
the spirit lamp or otherwise or, if possible, by 
^tilrowing more current through the primary by 
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means of the adjustable resistance and thus heating 
the interior of the tube. By these manipulations 
the best X Ray producible by a given tube and a 
given apparatus may be made quickly available. 
It is obvious that the length of exposure depends 
not so much on the time during which the tube 
is excited but upon the actual time of best X Ray 
production. 

Suppose the beginner exposes the metallic 
objects for about i to 5 minutes and the hand for 
from 5 to 15 minutes, he should obtain a 
good picture. An expert using an 8-inch spark 
coil and a good Crookes tube should obtain a 
picture of the metallic objects in less than a sec- 
ond and the hand in from 2 to 5 seconds at a 
distance between tube and plateholder of 2 feet. 
We would advise the beginner, however, to give 
ample time to all of his exposures, judging as to 
length of time by watching the bones of his own 
hand in a fluoroscope, and guided also by previons 
experience in developing his X Ray negatives. 

Fig. 55 (see Plates at end of book) is a picture 
of a hand taken with a 4^-inch spark induction 
coil and with the first locus tube ever used in this 
country, it having been imported from England 
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make which i^411 add to the convenience of 

r operation : 
The wires leading from the second- 
ary terminals of the induction coil 
to the Crookes tube should be well 
r^ insulated. 

Thej" should be supported by pro- 
per stands as shown in the photo- 
Fia 56. graph, Fig. 54, and the accompany- 
ing sketch, Fig. 56. These are made of wood and 
^re the ordinarj'^ 
crhemist's laboratory '^vf* 
stands. 

The Crookes tube 
itself should prefer- 
ably be supported 
on an adjustable 
stand as shown both 
in the above men- 
tioned photograph 
and in Fig. 57. 
This is composed 
of a metallic adjust- 
able upright set on 
a broad base, and of 
an aajustable hori- 
zontal portion con- 
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Fig. 57. 
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sisting of parts of the stand shown in Fig. 56. 
When the Crookes tube is bought it comes 
with small platinum eyes or loops outside the 
glass for the attachment of the conductors. It 
will be found a great convenience to permanently 
attach to these eyes small rings about ^ of an 
inch in diameter made of common lead fuse wire. 
The conductors may be quickly connected and 
disconnected to the tube without breaking off the 
platinum eyes. 

If the Crookes tube is of a very high vacuum 
and a powerful coil is used a simple contact 
attachment such as is here described is not suffi- 
cient, and several turns must be made bj' the 
conductor around the platinum eye. 

The Crookes tube will be more safely and 
firmly held if its elongated extension is provided 
with a cube of cork perforated in such a manner 
that the extension of the tube will pass tightly 
through the liole. The cork can then be con- 
veniently grasped by the clamping arms on the 
stand. 

A spark-gap may be inserted in the secondary'' 
circuit of the coil. This should be at the positive 
auode. It is said to increase the efficacy 
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may be derived from a given Crookes tube at a 
lower vacuum when a spark-gap is in the circuit 
with it than would be possible without it. 

It has been pointed out that the best way to work 
a tube at its highest state of efficacy is to operate 
it intermittentl}'' in a high state of activity. In 
connection with this observation it may be added 
that a most vivid X Ray (as represented by the 
fluoroscope and probably also by the negative) 
occurs when the platinum reflector in the Crookes 
tube is at a red or white heaf. Practically 
this reflector cannot be so heated except at brief 
intervals, because the vacuum will be unduly 
lowered. 
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such as bullets, ueedles, glass, or coins, or artifi- 
cial teeth which have been swallowed. Before 
taking a picture on a sensitive plate of almost 
anji- subject the experimenter ■would do well to 
examine it carefully with the fluoroscope ; in 
maiij- cases of minor surgery this is all that is 
necessary before making an operation. For in- 
stance, the bullet in the hand shown on the cover 
of this book was located before the picture was 
taken. It is a fact in practice, however, that the 
fluoroscope gives a fleeting and often indistinct 
view, and that for the purposes of delicate opera- 
tions a fixed and permanent record upon a 
sensitive plate is of much higher value. It has 
been found bj- obser\-ers thus far that fluoroscopic 
images as presented totheeye aloneare often tanta- 
lizingly vague and indistinct, not, it would seem, 
from waut of illumination of the screen by theX 
Ray, but because of the " diffusion " of this X 
Ray by masses of muscle and other tissues which 
may happen to surround the bones or the foreign 
objects sought for. 

It often becomes desirable to exhibit the 
fluoroscope to a large number of persons, and' 
there are several ways of doing so to advantage. 
For instance, the room should be darkened an5 
the audieuce put in line and allowed to come 
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■where tlie exhibitor stands with his apparatus. 
The Crookes tube uiay be placed in a wooden box 
large enough to receive it and its stand ; the end 
of the box toward the audience should only be 
covered with a thin board or a piece of heavy card- 
board ; the conductors leading from the coil to the 
Crookes tube should pass through glass tubes in 
the side and top of the box. This arrangement 
permits the Crookes tube to be made active with- 
out any of the incidental fluorescent light from 
the tube appearing in the room. When all is 
ready, each member of the audience takes the 
fliioroscope in tuni, places his hand in front of 
it, points it at the invisible tube inside the 
wooden box, is astonished at seeing his own 
bones and passes on his way rejoicing. 

Another excellent way to exhibit fluoroscopic 
effects is to mount a good-sized fluoroscopic 
screen upon a frame placed in front of the box 
containing the Crookes tube and then the 
operator can put his own hand and ann, or any 
objects he may select, behind the screen and 
show the results to the entire audience at one 
time. 

The fact is generally known that the camera 
will see more than the human eye and this has 
led to direct photography, by means of the 



I 
I 



TIte X Ray. l.i'^^eb vi. 

camera, of the shadows thrown upon a fluoresceut 

screen. This property of the camera has beelt 
made wide use of in the photography of the 
heavens and the discovery of comets and stars. 

Obviously the pictures thrown upon the screen 
in a darkened room as just described may be 
photographed, and to this process has been given 
the name of photo-fiuoroscopy. The resulting 
picture thus taken has more strength and detail 
than as viewed by the eye, 

The length of exposure, of course, varies witli 
the degree of excitation of the fluoroescent crys- 
tals upon the screen, but under ordinary circum- 
stances an exposure of from one to two minutes 
suffices for obtaining a good negative when 
very quick plate is used. Apparatus may 
bought in which camera and screen are, for con- 
venience, combined in one piece, though this 
not essential. 



CHAPTER YIL 

PHOTOGRAPHIC X0TP:S. 

The negative after its exposure to the X Ray 
may be taken direct to the dark room and 
developed. Since it is far more difficult to judge 
of what an X Ray exposure has produced upon a 
plate than in the ordinary light exposure it is well 
to commence developing with an old or weak 
developer, in order that all possible detail may 
be saved, or to avoid a too-rapid development re- 
sulting in a fogging of the entire plate. Bromide 
of potassium may also be used as a '' restrainer.'' 

As to choice of developer it is possible that 

there is the same latitude with X Ray negatives 

as in ordinary light-photography. The operator 

may and probably will coutinue to use the 

developer which he is accustomed to use. For the 

possible guidance of some, however, it may be 

stated that nearly all the negatives reproduced in 

this book have been made upon quick plates and 

developed by a solution made according to the 

following formula : 

^33 
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Dei'eloping Formula. 

Water . . . . 8 oz. 

Sulphide of soda . . 8 oz. 

Carbonate of Potash . . 4 oz. 

Carbonate of Soda . . 2 oz. 

Hj-drochinone . 

Eikonogen 

In using dilute the above with one-half water. 
If the plate is over-exposed use more water. If 
the solution becomes turbid it is better to throw it 
awaj' and use fresh, rather than use sulphuric 
acid to keep it clear. 

Ordinaril}', signs of development will begin to 
appear within from three to five minutes ; the 
parts of the plate where no object has inten'ened 
between it and the Crookes tube begin to darken, 
thus producing upon the plate a silhouette or gen- 
eral image of the entire subject. If this be a portion 
of the human Ixjd}- no bones will as yet appear. 
Next, the image of the flesh begins to darken 
and in like manner a shadow picture of the bones 
now appears. The oi>crator will probably never 
forget the time when first he sees the bones of his 
own skeleton coming into view before his eyes. 



raeiit may be carried on to a point where this 
image is plainlj' visible on the side of the glass 
opposite to the film — the back of the plate. It often 
happens, however, that a plate which turns uni- 
formlj' black gives, after being put in the fixiug- 
bath of hypo-sulphite of soda, au unexpectedly 
good X Ray picture. This fixing-bath takes 
from the plate all the sensitive chemical which 
has not been acted upon by the X Ray, leaving 
a permanent impression on the glass from which 
any number of prints may be made npon paper 
prepared for the purpose. The sensitive plate 
afterbeing exposed is called a " negative," becaiise 
all the dense portions of the subject are shown as 
being transparent on the glass and the trans- 
parent portions of the subject are shown as being 
dense on the plate. These relations are rectified, 
however, in the print, which in place of being a 
Hf^a/h'e has become a positive view. There is 
one thing to be remembered in X Raj' photog- 
raphy, and that is that if the right hand is ex- 
posed to the X Ray it will appear as a right hand 
rin the negative, but, when printed, will have its 
position reversed so that it louks like a left hand. 
It is often desirable to pass a negative from 
person to per.sou in an audience for inspection ; 
Ju such a case it is verj' convenient to have a 
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light wooden frame of such a size that it will 
hold the negative firmly and act as a guard to 
the glass, also preventing the film side of the 
negative from being scratched by finger nails and 
rings. 

It is also often useful in addressing an audience 
to be equipped with a magic-lantern. X Ray 
negatives, however, do not make very good lantern 
slides because of the absence of contrast in them. 
The only way to truly appreciate the revela- 
tions of an X Ray picture of the interior of the 
body is to study the negative itself ; next in im- 
portance, but often most disappointing, is the 
print from this negative; of least value, due to 
loss of detail and lack of definition, is the lantern 
slide. Ill connection with lantern-slide exhibits 
we might say that a stereopticon view can be 
taken by the aid of two Crookes tubes, as pointed 
out by Prof. Blilni Thomson, and the picture 
thus obtained might be thrown ixpon a screen by 
aid of the " lantern-stereoscope " recently in- 
vented by John .-\nderton, of England. By this 
means we would obtain an effect of solidity or 
perspective and see the interior of the body 
exactly as if we were using our two eyes. The 
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the flat view obtained by the use of the fliiom- 
scope. 

A very great aid to the operator, serving to 
lessen the time of exposure very materially, is to 
take a piece of paper coated with fluorescent 
crystals of tuugstate of calcium and place it in- 
side the plateholder with the tuugstate crystals 
face down upon the film side of the sensitive 
plate. Fig. 57 will show the effect of using such 
a screen. A small piece of screen was put over 
the plate in the dark-room, aud when the picture 
was taken the hand rested on the slide of the plate- 
holder in such a way that the X Rays had to pass 
through the screen as well as the hand iu part of 
the picture. As will be seen, the portion of the 
hand over the screen was acted upon to a much 
greater extent than the rest. The reason for this 
is that the X Rays excited the tuugstate of cal- 
cium crystals to fluorescence and thus acted upon 
the plate by ordinary light. Such a screen is 
invaluable as a time-saver in taking pictures of 
dense structures such as the human tnink. These 
screens, of any desired size, to put upon photo- 
graphic plates to augment the rapidity with which 
the picture may be taken, are manufactured by 
tjie makers of the Edison Fluoroscope referred to 
on page 72. 
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I There are a few other practical suggestions 
[ which may have been touched upon previously 
but which might be restated here : 

Place the subject to be photographed as close 
I to the sensitive plate as possible to get sharp 
definition. 

The nearer j'ou bring the Crookes tube to your 
subject the stronger will be the effect from your 
X Rays. The law of " inverse squares " seems to 
apply to the X Rays as well as to ordinary light. 
It will take g times as long to get a picture when 
the tube is 6 inches from the sensitive plate as it 
will when 2 inches from it. 

Place the Crookes tube at such a distance from 
the plate that the shadows from the subject are 
not too divergent. The shadow-picture should 
be as nearly life-size as possible to get sharply 
defined outlines. Therefore in taking pictures 
of thick objects the Crookes tube should be some 
distance from the plate, even if it does require 
more time of exposure. 

Time of exposure also depends on the subject 
and the condition of operation of the Crookes 
tube. It can only be determined by experiment 
and experience. It will be possible to obtain ex- 
cellent results in case the plate is under-exposed 
by intensifying it in the manner usually followed 
by photographers. 
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In photographing a subject such as a hand 
and arm, the hand (being the thinnest) will 
naturally be taken more quickly than the arm. 
To get an even effect wave a plate of tin back and 
forth over the thin portions of the hand so as to 
intercept some of the X Rays part of the time. 

Develop your own negatives if you can. The 
satisfaction of seeing the results grow under yoiir 
manipulation is well worth the extra trouble. It 
is, besides, a most useful guide in regulating 
future exposures. 

In developing do not be disappointed if the 
image does not appear on the plate in ten min- 
utes. Have patience and keep on developing and 
you will probably be finally rewarded. 

It is sometimes interesting to make a positive 
plate from your negatives and tliiis, when prints 
are made therefrom, obtain effects of the bones in 
their natural white color against a dark back- 
und. 

An interesting experiment easily made is to 
place two or more sensitized plates, with iilm 
sides up, in the platebolder, or within black 
paper wrappings. Using an X Ray of moderate 
activity both and al! of the plates will be affected, 
hut in decreasing degree. While the first plate 
for instance is a full exposure for certain parts 
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of the interior of the bodj-, the second is equally 
such an exposure as is best adapted to exhibit 
certain other parts, like the heart and internal 
organs and the interior of the bones. A great 
number of laj-ers of films, or of layers of bromide 
paper may be arranged in this manner and thus 
an equally large number of varying revelations 
of the same interior be gained at one exposure to 
the X Ray. 
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PART IV. -SURGICAL VALUE 

OF THE X RAY. 

CHAPTER I. 

NORMAL ANATOMY. 

Great as is the interest which has been 
excited by the X Ray in the scientific labora- 
tories of the world, among electrical engineers, 
j^otographers, students and amateurs, still 
greater is its interest to the physician and sur- 
geoiiy for in its application to surgery lies its 
highest field of usefulness to humanity. The 
physician has ever been on the alert to explore 
the mysteries of the human body, and to the 
already familiar methods of exploration, such as 
the opthalmoscope, stethoscope, cystoscope, the 
percnssion hammer and the probe, is now added 
the revelations of the X Ray. 

Bven as yet, in the undeveloped stage of 

Professor Roentgen's discovery, there can be 

little doubt that no more valuable means of 
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diagnosis has ever been afforded to the science am 
art of medicine. 

Conspicuous among the revelations of the 
Ray are those relating to nonnal anatomy. It 
might be claimed that the bones of the animal 
body could be studied from prepared skeletons 
but such artificial arrangements of the bones 
can never, in reality, give their exacfrelations as 
well as the X Ray picture, nor in any sense afford 
us a correct idea of these relations in the varied 
postures permitted by the changing position of 
the bones which compose the joints. Also the 
stages of growth of the bones in children may be 
pictured. This is beautifully shown in the 
illustration of the entire skeleton of an infant 
nine weeks old reproduced' in Fig. 59, where 
there is an obvious absence of bony structure in 
the region of the joints. 

To the comparative anatomist the X Ray fur- 
nishes an opportunity to study in like manner 
the bony structure of the lou-er animals. The 
X Ray picture of the flounder shown in Fig. 6a 
exhibits most accurately the delicate and almost 
lace-like outline of bony structure. In the 
stomach of the flounder is shown the minute 
shellfish upon which he bad fed. The hook was 
firmly imbedded in the flesh before the picture 
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-was taken and was attached to the catgut snell, 
"virliich does not show. In a picture not here re- 
produced two rats swallowed by a boa-constrictor 
■were shown in the snake's stomach. 

The normal anatomy of a woman's hand is 
shown in Fig. 61 and Fig. 62. Incidentally it 
may be noted in Fig. 61 that the diamonds in 
the ring have failed to obstruct the X Ray 
whereas the gold ring and bracelet in Fig. 62 
have thoroughly obstructed it. Many other in- 
stances of normal anatomy will be observed 
among the illustrations. 

In Fig. 63 the bones of the foot are illustrated ; 
in Fig. 64 the bones of the shoulder, and in Fig. 
65 the bones of an adult female pelvis are 
shown. 

In Fig. 66 and Fig. 67 may be contrasted an 
ordinary photograph of a man's head and an X 
Ray picture of the same. 

In short, interesting facts concerning the 
normal anatomy of structures may be observed 
by a study of almost an}^ of the X Ray pictures 
in this hook, even though some abnormal features 
may be present. We would particularly call the 
leader's attention in this regard to the cup- 
Bhaped character of the shoulder joint in Fig. 64. 

la teaching the anatomy of the blood vessels 
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the X Ray opens out a new and feasible method. 
The arteries and veins of dead bodies may be in- 
jected with a substance opaque to the X Ray, and 
thus their distribution may be more accurately 
followed than by any possible dissection. The 
feasibility of this method applies equally well to 
the study of other structures and organs of the 
dead body. To a certain extent, therefore, X 
Ray photography may replace both dissection 
and vivisection. And in the living body the loca- 
tion and size of a hollow organ, as for instance 
the stomach, may be ascertained by causing the 
subject to drink a harmless fluid, more or less 
opaque to the X Ray, or an effervescing mixture 
which will cause distension, and then taking the 
picture. 






CHAPTER II. 

FRACTURES, DISLOCATIONvS, DIvSKASKvS OF THE 

BONES AND DEFORMlTlEvS. 

It is already apparent from an inspection of 
the illustrations in Chapter I. that irregnlarities 
or deformities of the bones ma}- be clearly in- 
dicated by X Ray pictures. B}^ this means it is 
possible to detect and diagnosticate fractures and 
dislocations, and what is very important to decide 
in a given case, whether it is a fracture or a dis- 
location, or both together, as often happens, which 
exists. We may also discover other deformities 
of the bones and even diseases like tubercu- 
losis and cancer which, in destroying the 
bone structure, have varied its density. Many 
illustrations exhibit the marrow cavity of the 
bones. Moreover, the progress of the union of 
the bone after it has been set in splints may be 
studied in its various stages, or even the correct- 
ness of the setting of the bone may be determined 
and rectified if found wrong. 

To one who has already had experience with 
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the revelations of the X Ray in showing condi- 
tions of the bones far different from those 
assumed to exist by ordinary means of diagnosis 
it seems impossible that any well-equipped hos^ 
pital in the land can do justice to its patients if 
it does not possess a complete X Ray outfit, 

In Fig. 68 we have an example of a fracture of 
a bone of the forearm, which for some reason had 
for a long time failed to unite and was continued 
in splints to bring about union. The picture 
was taken through half-inch board splints and 
bandages ; the pins shown fastened the dressings- 
of the splints. 

In Fig. 6g is represented a case of what is sur- 
gically called a CoUes's fracture. This is a frac- 
ture of the bones of the wrist. The patient had 
slipped upon the ice a year prior to the taking of 
the picture and the wrist was practicall}' well but 
showed some deformity and stiffness. The case 
appeared like one of dislocation, and it was not 
until the X Ray was brought to bear upon it, 
that its true character was ascertained. It will 
be seen by an inspection of the picture that the 
two bones of the fore-arm at the time of the fall 
were broken off short at their lower ends and 
that the shafts of the bones had been driven into 
the broken ends telescopically. The picture 



' was a revelation to the surgeon who brought tlie 
case. Alongside of the broken wrist is showni 
the normal wrist for purposes of comparison, and 
it is strongly advised to take corresponding limbs 
in order to compare the diseased with the nonnal 
parts. If this is not done it often happens that 
enlargements and minor deformities pass nn- 
noticed. 

In Fig. 70, by the same comparative method, 
is exhibited an old and unsuspected ununited 
fracture of the tip of the large bone of the leg at 
the ankle, together with a separation of the two 
bones of the leg at the same point, causing much 
deformity and some pain. Between the two bones 
is seen an unnatural bon\' union. Upon seeing 
the picture the surgeon exclaimed ; " My entire 
plan of operation must be changed. I could not 
have known at this stage of the case except bj- 
the X Ray that the bone had failed to unite and 
was still a broken bone." 

Fig. 71 exhibits the case of a child's elbow 
jnint in which the arm could not be fully ex- 
tended in a straight line. The picture shov^'S it' 
t') be due to a probable fracture sustained about 
a year previously while wrestling. 
Fig. 72 is an instance both of normal anatom- 
al features of the bones of the hands, and 
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also of the very slight changes in the left wrisliJ 
{seen on the right hand side of the picture) pro- 
duced by severe rheumatism of over a year's 
standiug. So localized was the pain to this one 
wrist that it was thought some foreign body must 
be present ; none was shown. The accuracy of 
the picture was due largely to the fact that the 
Crookes tube was placed two feet from the sensitive 
plate during the exposure of about two minutes. 

Fig. 73 represents a chest and shoulders of a 
young man who had disease of the right shoulder 
of five years duration, and about which no ac- 
curate diagnosis could be made. The sound 
shoulder was taken for comparison with the 
diseased one. In this as in all cases the revela- 
tion of the negative was much more full and ac- 
curate than could be gained from an inspection 
of a print, but it is apparent even in the latter 
that the head of the large bone of one arm is 
sunken in at the shoulder and has lost its rounded 
contour and some of its substance at the top. It 
is probable that the disease is tuberculosis of the 
bone. 

In Figs. 74 and 75 are exhibited congenital 
deformities of the bones of the hand iu children, 
and of the flesh also, which are to be or have been 
rectified more or less by surgical operations. 






CHAPTER III. 

STIFF JOINTS (anXHYLOSIS). 

It is often important to decide whether the 
Ji^'fixed posture of a stiflE joint which has been in- 
jured by fracture or disease is due to a growth of 
bone or to a growth of soft tissue, both of which 
may equally obstruct its movement, while one is 
far more difficult to relieve than the other. The 
X Ray makes a positive diagnosis as to this dif- 
ference. The bony bands or adhesions are 
opaque to X Rays while the fibrous bands are 
transparent. 

Fig. 76 is an illustration of a stiffened knee 
3-? Iwit in a child twelve years of age. No bands of 
^•-'lione crossing the joint are shown ; it is therefore 
fibrous and easily curable. 

On the contrary, Fig. 77 illustrates in a very 
u dear and decisive manner bands of bony tissue 
- firmly binding the joint and preventing move- 
ment This condition followed a dislocation and 

fracture of the elbow joint. 
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CHAPTER IV. 

THE X RAY IN DENTISTRY. 

The extensive applications which can be made 
of the X Ray in dentistry were early pointed out.' 
The density of the teeth is greater than that of 
the bone which surrounds them, and for that rea- 
son pictures of the living teeth may be taken by 
the X Ray even of each wandering fang or root, 
however deeply imbedded in its socket. Also, 
children's teeth may be photographed before they 
have escaped from the gums, and the extent and 
area and location of metallic fillings may be sharp- 
ly delineated, even though concealed from the 
outer view. The lost end of a broken drill may 
be found, and, wliat is most interesting, the fact 
that e\'eii the central cavity of the tooth may be 
outlined, so that diseases within the tooth may be 
detected. It is equally obvious that diseases 
of the bone and other tissues in the neighbor- 
h<M>d of the teeth maj' also be observed. 
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Fig. 78 — a picture of a non-living subject — is 
a front view of a skull, and shows not only tlie 
location of the teeth where concealed within their 
sockets but also the outlines of the cavities of the 
teeth themselves. 

Fig. 79 illustrates the detection of an eye-tooth 
in an adult which never, as yet, has escaped from 
the gums. 



IC* ' * 



CHAPTER V. 



FOREIGN OBJECTS IN THE BODY. 

One of the first applications of Roentgen^ 
discovery was the detection of foreign objects ^^ 
the body, and this application of the X Ray ^ 

surgery renders it of inestimable value. 

No one but a surgeon knows the difSculty * 
cutting the flesh in search of a concealed obje^^ 
like a bullet or a needle. 

In case of war an X Ray outfit must prove *' 
be a necessity in the location of bullets lodger^ 
withiu the body. Even now the English WO' "* 
Office is reported to have sent two X Ray outfit -^ 
up the Nile with its military expedition, and ou:^ 
own Navy Department is said to contemplate^ 
eqixipping each of its vessels with similar appa- 
ratus, 

Could a localization of the bullet in the bod}'' 
of the late lamented Garfield by means of the X 
Ray have been made his life might have been 
saved. Also in the case of another President an 
unsuspected badly united fracture of a bone of 
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the leg, sustained niauy years before by a fall 
from bis borse in a historical battle, could liave 
been detected by means of the X Ray and an 
operation performed to relieve it. 

Fig, So (also presented ou the cover of this book) 
is a typical illustration of the value of the X 
R-ay in the location of foreign bodies. On July 
4th last, while celebrating, the owner of the hand, 
in withdrawing cartridges from a pistol, accident- 
ally discharged one and shot a bullet into his 
hand. It was probed for long and carefully and 
the search abandoned. Two minutes of X Ray 
exposure and a few minutes occupied in develop- 
ing the plate revealed the bullet firmly wedged 
between two bones near the wrist and in a posi- 
tion almost impossible to detect by the aid of the 
probe. The bullet had entered the hand between 
the second and third fingers. The operation for 
removal was now a very simple one and within 
^ few minutes the patient was shaking his bullet 
3-s a trophy in an aluminum match-box. 

Kig. 81 represents a picture taken before the New 
York County Medical Society ' (the exposure be- 
ing made in the course of the address and immedi- 
ately developed and passed about the audience) of 

' Address upon " The X Ray and some of ils Applications in Medicine," 
. bj fir. W. J- Morion on April 27, 1896.— N'ew York Mtdiial Record, 
^1896. 
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a hand supposed to have a piece of a needle in it. 
The hand was enveloped in bandages. The 
location of the needle was clearly shown and it 
was successfully removed the next day. 

Figs. 82 and 83 show a needle in the adult foot. 
Two pictures were taken for the reason that 
an object concealed within the body obviously 
can only be effectually located by taking two 
or more views at an angle. 

The first view shows the needle beneath the 
bone somewhat fore-shortened ; the second gives 
a side view. Comparing the two views the 
surgeon extracted the needle in two minutes. 

Fig. 84 illustrates the localization of two pieces 
of steel ill a blacksmith's fore-arm. 

Fig. 85 is an extremely interesting exhibition 
of X Ray localization. The patient, an adult, 
had been confronted by an insane man a year and 
a half before this picture was taken and shot in the 
mouth with a bullet from a ■38-calibre revolver. 
Four teeth were knocked out and the patient was 
sent to a hospital but the bullet was not found. 
Some uionths subsequently a sore appeared on his 
neck and particles of gunpowder came out, but 
no bullet. The X Ray picture shows the bullet 
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picture illustrates this fact that even though a 
foreigii body may be behind bone it can never- 
theless be located as bones are partially penetra- 
ble by the X Ray. In this case the location of 
the bullet without the X Ray had proved to be 
absolutely impossible, and under these circum- 
stances no operation was justifiable, although the 
man was permanently disabled and was much 
emaciated. 

Keeping in mind the fact that substances are 
opaque to the X Ray in ratio to their density, it 
is clear that foreign objects in the body, such as 
sibnormal concretions of bone-like materials, 
termed calculi, which occur in various organs of 
tHe body, can be distinguished in X Ray pic- 
tures., An exact diagnosis of the existence of 
these foreign bodies preliminary to the operation 
^s of great value, to determine in the first in- 
stance their presence, and in the second their 
locality. The relations of density are clear- 
ly indicated in Figures 86, 87 and 88. Fig. 
86 shows an X Ray picture of a normal kidney 
Wad one containing calculi. Fig. 87 shows two 
Ttidneys' containing uric acid calculi. Fig. 88 
shows several of these calculi removed and ex- 
posed upon the same plate with a brass bell- 
clapper, a copper ball and a lead bullet. The 
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calculi appear about as opaque as the metallic 
objects. It should be mentioned that these are 
specimens takeu from a pathological museum, 
aud were taken preliminary to X Raj' exposure 
in the living subject. 



CHAPTER VI. 

' SOlT TISSUES AND LOCATION OF OI 

Soft tissues comprise all body tissues exct^/ 
le boues, and one of the most unexpected. — and 
Si yet most undeveloped — applications of the X 
ly is not only in determining that they are 
le subject of disease but in locating the area 
;r which the disease extends. 
In the picture of the infant given in Fig. 59 
the liver is plainly shown in outline and mapped 
out in relation to the usual landmarks. Organs 
distended with gas, such as the stomach and in- 
testines, allow the X Ray to pass freely, and 
thus the record of their location and size is 
niade. 

These findings in relation to the soft tissues 
can only be appreciated by an examination of 
the negatives themselves. Negatives which 
have been under-exposed are full of delicate, j 
ghost-like, j-et clearly defined, outlines of skin, 
ynusde, tendon, and sometimes veins and arteries. 
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The mind walks iu among the tissues themselves. 
It seems as if it were their gliost or astral forms 
ive see depicted. Some of the negatives froffl 
\vhich man3- of the illustrations in this book arc 
taken are full of detail of this character whicH 
lost entirelj' in a print. Fig. 89 gives a deal 
indication as to the location of a living woman' 
heart — the first ever seen poised among it 
natural surroundings of flesh and bones. 

The fluoroscope may also be used to exbibi 
some wonderful effects in connection with soi 
tissue, as well as the sensitive plate. Fc 
instance, if a person be interposed betweeu 
fluoroscope and a Crookes tube we shall see tl 
beating of the heart, the rise and fall of the f^ 
in respiration, the outlines of organs like 
liver, the vertebrae and the greater bones, 
however, with more or less indistinctness. 



CHAPTER VII. 
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A VKRV important appHcatiou of tlie X Ray 
i\ill be in connection with expert testimony in 
llie courts. Court-records contain numerous 
cases in which the X Ray would have been of 
great service. Already it has been used for this 
purpose. 

Fig. 90 shows a picture of the knees of a per- 
son which is likely to find its way into court. 
The patient was thrown down with violence in a 
trolley-car accident more than a )'ear ago, and 
has suffered more or less ever since. An 
exposure was first made of the injured kuee only 
and afforded no positive evidence of the seat or 
degree of the injury. By resorting to the com- 
parative method, a picture of both knees was 
obtained (Fig. 90), which showed that the upper 
portion of the large bone of the leg below the 
knee was nearly three-quarters of an inch wider 
'59 



i6o 



The X Ray. 



in the injured knee than in the normal one. 
This was donbtless due to fractnre and subse- 
quent growth of bone. Snch a picture is very 
convincing and would be sure to have j^eat 
weight with a jury. 



;>FFiE. M is now a conn rcoiid and ll i> 
f tn malfie a half lane reprodnclicn lipIl 
need in fiilpr« cdlliwuof tliiiwolk ul 



CHAPTER VIII. 



CURATIVE ACTION OF THE X RAV. 



Much interest has been excited as to the in- 
fluence of the X Ray on bacteria. In Febrnary, 
1896, Dr. Morton exposed cultnresof the cholera 
vibrio, of the bacillus colli communis, the bacillus 
of typhoid fever and of diphtheria to the X Rays for 
30 minutes and for one hour. They were from 
time to time compared -with other cultures kept 
under the same conditions except for the expos- 
ure to the X Rays in the usual manner. No 
differences could be determined at that time 
between the cultures which had been exposed 
to the X Rays and those which had not been 
so exposed. 

These experiments, however, were conducted 
in the early days of the X Ray, when it was 
not by any means powerful, and it yet remains 
with the powerful X Ray of to-day to determine 
■whether or not in reality the X Ray possesses 
a germicidal action. 

In favor of an influence of the X Ray upon 
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Part IV. 
Chapter VIII. 



tissue is the experience of the experimenter that 
after viewing a very powerful X Ray con- 
tinuously through a fluoroscope the eyes are 
frequently affected painfully. 

Inflammation of the eyelids, upper lips and 
of the skin of the face generally, somewhat of 
the nature of sunburn, has been recorded by 
more than one experimenter as the result of 
exposure to the X Ray. 



CONCLUSION. 



It is difficult to say to what fiual uses the 
simple fact discovered by Roentgen that different 
substances are more or less opaque to tlie X Ray, 
according to their density, may be put. We 
have laid stress mainly upon its uses in surgery 
but there are several other applications of great 
interest. 

Flaws and weldings may be discovered in 
metals; investigation as to the amount of metal 
in different ores may be made, and it will interest 
dealers in diamonds to know that the X Ray 
positively distinguishes between the true dia- 
mond and the paste imitation. 

Not only can handwriting in sealed envelopes 
be photographed by the aid of the X Ray as in Fig. 
9: (which purports to be a man's will sealed in 
an envelope as an experiment) but in a negative 
not here produced an X Ray photograph of hand- 
writinginsidethepSateholder was taken even after 
the X Ray has passed through a human skull. 
163 
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Mauy names have been given to pictures 
taken by the X Ray and to the method of so 
taking them. Among these may be mentioned 
the following : X Ray photography, shadow- 
graphy, radiography, cathode photography, 
cathography, electrography, fltiorography, skia- 
graphy, skotography and Roentography. The 
term photography may perhaps have been used 
in some part of this book in a loose sense, but 
it must be understood as including in the proc- 
ess the handling and development of the sensi- 
tive plate as well as the agency by which it is 
affected. 

In reading these pages up to this point one 
can hardly fail to be impressed with the wonder- 
ful results already achieved in this most attract- 
ive field of investigation as well as with the 
enormous possibilities h'ing dormant in Prof. 
Roentgen's discovery. Positive .statements as 
to why and lunv are as yet out of place ; almost 
every hour brings with it new theories and new 
developments, and we can confidently look for- 
ward to more definite results and knowledge in 
the near future— 

' For l/ifiy /s uolliiiiff armrd ihat shall not 
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A NEW FORM OF RADIATION." 



_I. If we pass the liischarge from a large Ruliinkorff coil through 
aHittorf or n sufficiently exliaiiated Leiiard, Crookea, or similar 
apparatus, and cover the tube with a sotnewliat closely-fitting 
tnantle of thin black cardboani, we (ibser^e in a completely dark- 
ened roiini that a paper screen washed with bariimi-plati no-cyanide 
lights up brilliantly and fluoresces equally well whether the treated 
side or the other lis turned towards the disdiarge tube. Fluores- 
cence is still observahle two meters away from the apparatus. It is 
«asy to convince oneself that the cavise of the fluorescence is the 
«lischarge apparatus and nolhing else. 

2. The most striking feature of this phenomenon is that an in- 
fluence [.-(?fwi) capable of exciting brilliant fluorescence is able 
to pass through the black cardboard cover, which transmits none 
of the ultra-violet rays of the sim or of the electric arc, and one 
immediately inquires whether other bodies possess this property. 
It is soon discoveredthatallbocliesare transparent to this influence, 
lint in very different degrees. A few examples will snfiice. Paper 
is very transparent ;" the finorescent screen held behind a bound 
TOlutne of 1,000 pages still lighted up brightly ; the printer's ink 
offered nu perceptible obstacle. Fluorescence was also noted be- 
< pRlImiiurr CDmoinnii^tiiHi tu Die Wilnbiirg Phyitfco-Mcillia] Socuily. ducd 
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[bind two packs oF cards ; a few cards held belweeii apparatus and 
11 made no perceptible difference. A single slieet of tinfoil is 
arcely noticeable ; only after several layiss have been laid ud 
^iop of each other is a shadow clearly visible on the streeii. Thitt 
B blocks of wood are also transparent ; fir planks from 2 cm. to 3 
I, thick are but very slij^htly opaque. A film of aluminum abou* 
uim. thick weakens the effect very considerably, though it does 
t entirely destroy the fluorescence. Several centimeters of vul- 
cuniaed India-rubber let the rays through." Glass plates of tlie 
same thickness behave in a different way, according as they con- 
tain lead (flint glas.*;) or not ; the former are much less transparent 
■ than the latter. If the hand is held between the discharge tube 
and the screen, tlie dark shadow of the bones is visible within the 
Blightly dark sliadow of the hand. Water, bisulphide of carbon 
s other liquids behave in tliis respect as it they were 
\ ''Wry traosparcnt. I was not able to detemine whether wster vas 

ibum, fluorescence j 
ao thick, 
silver and copper .sheets may be decidedly thicker. Lead i 
thick is as good as opaque, und was on this account often made use 
of. A wooden rod of 20 by 20 111111. cross-section, painted white, 
with lead paint on one side, liehaves in a peculiar manner. When 
it is interposed between apparatus and screen it has almost no effect 
when the X Rays go through the rod parallel to the painted side, 
but it throws a dark shadow if the rays have to traverse the paint. 
Very similar to the metals tliemselves are their salts, whether solid 
or in solution. 

3, These experimental results and others lead to the conclusion 
that the transparency of different substances of the same thickness 
is mainly conditioned by their density ; no other property is in the 
least comparable with this. 

The following experiments, ho^ve^■er, show that density is not 
altogether alone in its influence. I expcTimenled on the transpai- 
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yet it was quite evident that the spar was decidedly less transparent 
than the other bodies, which were very much like each oUier in 
their behavior. I have not observed calcspar fluoresce in a manner 
comparable with glass. 

4. With increasing thickness all bodies become less transparent. 
In order to find a law connecting transparency with thickness, I 
made some photographic observations, the photographic plate being 
partly covered with an increasing number of sheets of tinfoil. 
Photometric measurements will be undertaken when I am in pos- 
session of a suitable photometer. 

5. Sheets of platinum, lead, zinc, and aluminum were rolled 
until they appeared to be of almost equal transparency. The fol- 
lowing table gives the thicknesses in millimeters, the thicknesses 
relative to the platinum sheet and the density : 



Thickness. 



Pt. 0.018 

Pb. 0.05 
Zn. o. 10 

Al. 3-5 



Relative Thickness. 



3 

6 

2CX) 



Density. 



21.5 
".3 

2.6 



It is to be observed in connection with these figures that although 
the product of the thickness into the density may be the same, it 
does not in any way follow that the transparency of the different 
metals is the same. The transparency increases at a greater rate 
than this product decreases. 

6. The fluorescence of barium-platino-cyanide is not the only 

'recognizable phenomenon due to X Rays. It may be observed, 

first of all, that other bodies fluoresce — for example, phosphorus, 

calcium compotmds, uranium glass, ordinary glass, calcspar, rock 

salt, etc. 

Of especial interest in many ways is the fact that photographic 
dry plates show themselves susceptible to X Rays. We are thus 
in a position to corroborate many phenomena in which mistakes 
are easy, and I have, whenever possible, controlled each important 
ocular observation on fluorescence by means of photography. 
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Owing to Ihc property ptissessed Uy tlic rays of passing almost 
without any absorption through thin sheets of wood, paper or tin- 
foil, we can take the impression:! on the photographic plate inade 
the camera or paper cover whilst in a well-lit room. In fOTmer 
days this property of the ray only showed itself in the necessity 
Under which we lay of not keeping undeveloped plates, wrapped 
in the usual paper and board, for any length of time in the vicinity 
of discharge tubes. It is still open to question whether the chemi- 
cal effect on the silver salts of photc^apUic plates is exercised 
directly by the X Rays. It is passible that this effect is due to tlic 
fluorescent light which, as mentioned above, may be generated on 
the glass plate orperhaps on the layer of gelatine. " Films " may 

tbe used just ai well as glass plates. 
I have not as yet experimentally proved that the X Rays arc 
able to cause thermal effects, but we may very well take their 
eitistenoe as probable, since it is proveii that the fluorescent phe- 
nomeiian alters the properties of X Rays, and it is certain that all 
the incident X Rays do not leave the bodira bB inch. 

The retina of the eye is not susceptible to these rays. .\n eve 
brought close up to the discliarge apparatus perceives nothing, 
although, acconliiig to experiments made, the media contained in 
the eye are fairly transparent. 

7. As soon as I had determined the transparency of different 
substances of various thicknesses I hastened to ascertain how the 
X Rays behaved when passed through a prism — whether they were 
refracted or no. Water and carbon disulphide in prisms of about 
30° refractive angle showed neither with the fluorescing screen nor 
with the photographi pi g f refraction. For purposes 

of comparison the refr t n f 1 gl t vs was observed under the 
same conditions ; the f d g s on the plate were respect- 
ively about 10 mm. an 1 20 f m tl e non-refracted one. Witli 
an aluminum and a \ 1 d bbe prism of 30° angle I have 
obtained images on ph t g pi pi t in which oiiemay perhaps 
see retraction. But tl 



Researches with prisms of denser iiietals have ; ieliied up to ti 
no certain results, on actrount of the small transparency and con- 
sequently lessened intensity of the transmitted ray. 

In vien of this state of things, and the importance of the question 
whether X Rays are refracted on passing from one medium to an- 
other, it is very satisfactory thai this question can be attacked in an 
other way than by means of prisms. Finely powdered substances 
in sufficient thicknesses only allow a very liltleof the incident light 
to pass through, and that is dispersed by refraction and reflection. 
Now. powdered substances are quite as transparent to X Rays as 
are solid bodies of equal mass. Hence it is proved that refraction 
anil regular reflection do not exist to a noticeable degree. The 
experimeols were carried out with finely-powdered rock salt, with 
pulverulent eleclrolrtic silver, and with the zinc powder much 
used in chemical work. In no case was any difference observed 
between the transparency of the powdered and solid substance, 
either when using the fluorescent screen or the photographic 
plate. 

It follows from what has been said that the X Rays cannot be 
concentrated by lenses ; a targe vulcanized-nibber and glass lens 
were without influence. The shadow of a round rod is darker 
in the middle than at the edge ; tliat of a tube filled with any sub- 
stance more transparent than the material of the tube is lighter in 
the middle tba.n at the edge. 

8.. The question of the reflection of tlie X Raysissettled in one's 
mind by tlie preceding paragraphs, and no appreciable regular 
reflection of the rays from the substances experimented wlUl need 
be looked for. Other investigations, which I will describe here, 
lead to the same result. Nevertheless, an observation must he 
mentioned which at first sight appears to contradict the above 
statement. I exposed a photographic plate to the X Rays, pro- 
tected against light rays by black paper, the glass side being 
directed toward the di.'icharge tube. The sensitive layer was nearly 
covered, star fashion, with blanks of platinum, lead, zinc and 
aluminum. On developing tlie negative it was clearly noticeable 
that the blackening under the platinum, lead, and especially under 
the zinc, was greater than in other places. The aluminum had 
wd hardly any effect. It appeared, therefore, that the three 
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Btwve-mentioued metals had. reflected therays. Nevertheless oilier 
« for (he greater blackeiiiug were thinkable, and in order to 
make sure I marie a second experiment, and laid a piece o( thin 
Hluniinnm, which is opaque to ultra-violet rays though very t 
sporent to X Rays, between tile sensitive layers and the metal 
blanks. As again much tlie sanne result was found, a reflection of 
X Rays by the above mentioned metals » 
:t tliese facLs with the obseri-atii 
as transparent as solid bodies, and tliat, : 
rough surfaces are, in regard to the transmission of X Rays, as well 
as in the experiment just descrilied, tile same as polished bodici 
) the conclusion that regular reflection, as already 
:et!, does not es^, but that the bodies believed to the X Raj 
as muddy media do to light. 

Again, as I could discover t,o refraction at the point of paasagc 
from one medium to another, it would seem as if the X Rays 
through all substances at the aame speed, and that in a medium 
which is everywhere, and in which the material particles are em- 
bedded ; the particles obstructing the propngation of the X Ravs 
111 proportion to the density of the bodies. 

9. Hence it may be that the arrangement of the particles in tlie 
bodies influence the transparency ; that, for example, equal thick- 
nesses of calcspar would exhibit different transparencies according 
as the rays were in the direction of the axis or at right angles to it. 
Researches with calcspar and quartz have yielded a negative result. 

10. It is well known that Lenard, in his beautiful investigation 
. on Hittorf cathode rays passed through thin aluminum foil, came 

to the conclusion that tliese rays were actions in the ether, and that 
they pass diffusively tlirough all bodies. I have been able to say 
the same about my rays. 

]n his last work Lenard has determined tlie absorption co-efficient 
of various bodies for cathode rays ; and among other things tor air 
atmospheric pressure at 4.1, 3.4, 3.1, at per centimeter, and found 
it connected with tlie exhaustion uf the j,'iis Liiiil;iiiifd in the d is- 
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fluorescing screen at distances of about loo mm. and 200 mm. from 
the discharge apparatus, and found in the case of three tests agree- 
ing veil with one another that it varied very nearly inversely at 
the square of the distance of the screen from the discharge appa- 
zatuA. Hence the air absorbs a very much smaller fraction of the 
X Rays than of the cathode rays. This result is also quite in 
agreement with the result previously mentioned that the fluores- 
cing light was still observable at a distance of two meters from the 
discharge apparatus. 

Other bodies behave generally like air — that is to say, they are 
more transparent for X Rays than for cathode rays. 

11. A further noteworthy difference in the behavior of cathode 
rays and X Rays consists in the fact that, in spite of many attempts, 
I have not succeeded, even with very strong magnetic fields, in 
deflecting X Rays by a magnet. The magnetic deflection has 
been up to now a characteristic mark of the cathode ray ; it was, 
indeed, noticed by Hertz and Lenard that there were different 
kinds of cathode rays ** distinguishable from one another by their 
phosphorescing powers, absorption and magnetic deflection,*' but 
a considerable deflection was nevertheless observed in all cases, 
and I do not think this characteristic will be given up without 
overwhelming evidence. 

12. After experiments bearing specially on this question it is 
certain that the spot on the wall of the discharge apparatus which 
fluoresces most decidedly must be regarded as the principal point 
of the radiation of the X Rays in all directions. The X Rays thus 
start from the point at which, according to the researches of differ- 
ent investigators, the cathode rays impinge upon the wall of the 
glass tube. If one deflects the cathode rays within the apparatus 
by a magnet, it is found that the X Rays are emitted from another 
apot — ^that is to say, from the new termination of the cathode 
stream. 

On this accoimt, also, the X Rays, which are not deflected, can- 
not merely be unaltered reflected cathode rays passing through the 
glass wall. The greater density of the glass outside the discharge 
tnbe cannot, according to Lenard, be made responsible for the 
-great difference in the '* deflectability.'* 

I therefore come to the conclusion that the X Rays are not 
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nXPRRIMENTS WITH ROENTGEN RAYS. 

Weli, iTvslallized tungstate of calcium made by the fusion pit" 
cess is extremely sensitive to the Roentgen ray. If the ray varies 
as the square of the distance, as there is every experimental reason 
to think it does, the tungsten salt is six times more sensitive to the 
ray than plati no-barium cj'anide. Plates of hard calendered paste- 
board covered with the crystals permit, with a (jood tube, tlie see- 
ing of all of the bones of the hand aii<l arm. The fingers can be 
seen moving through eight inches of wood. 

Tlie next best fluorescing salt is tungstate of -strontium, made in 
the same manner. Tungstate of barium or li-ad does not apprecia- 
bly fluoresce. Knowing that the ray is al)sorl>ed hy metals of 
great atomic weif"bt, it would be natural to suppose the tungstvii 
salts would fluoresce, and that it would lie tieces.sarj- to use a sail 
of a heavy metal, or one of great atomic complexity, but this is not 
true, as salicylate of anmionia crystals fluoresce with about the 
same power as pi a tiiio-bariuiu Cyanide. The salicylate of ammonia 
crysliils have this pecidiarity that the fluorescence increases when 
the plate is covered more thickl>- with crystals, the maxininni 
sensitive II e.ss is reachetl when looking throntib }i of an inch of 
loose crystals. This would show high fluori^.-icent |)ower with low 
a)>.Kor]>tion. 

There are a numl)er of other sidts and niintriils which fluoresce. 
Thefollowingisalist : Sul>clilori,!cof mercury, mercury diphenyl. 
eadmiuMi iodide, sulphide caliiuni. pol:l^siulu bromide, tetrameLi- 
phc)S].halc of lead, potassium iodide, merciiroiis chloride, bromide 
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Tbe following are salts which fluoresce less : Powdered German 
£^las8, barium fluoride, calcium fluoride, sodium fluoride, sodium 
Chloride, mercuric chloride, cadmium chloride, silver chloride, lead 
chloride, lead iodide, sodium bromide, cadmium, lithia bromide, 
mercury, cadium sulphate, uranium sulphate, uranium phosphate, 
nraniuin nitrate, uranium acetate, molybdic acid, silicate of potash 
dry, sodium bromide, wulfenite, orthoclase andalucite, herdinite, 
pyromorpliite, apatite, calcite, danburite, calcium carbonate, stron- 
tinm acetatg, sodium tartrate, barium sulphobenzoic, calcium 
iodide, true and artificial ammonium benzoic. 

It is anomalous that rock salt being practically transparent to 
inadiant light and heat, should powerfully absorb the X Ray and give 
strong fluorescence. 

I have found with a thick cube of fluorite, which is transparent 
like glass, that it fluoresces strongly to the ray, and accumulates, 
getting brighter and brighter ; after the bulb is disconnected it 
continues to fluoresce for several minutes. I have not noticed this 
in any other substance, except slightly in thick layers of calcium 
tongstate. If the hand is held before a box containing the fluorite 
plate, the shadow of the same may be seen phosphorescing for a 
minute or two after the current has been disconnected from the 
tube. 

A curious phenomenon occurs in tuben which are best adopted 
for the X Ray. After obtaining a high vacuum on the pump, where 
the line spectrum disappears and pure fluorescence and the X Ray 
is strongest, the lamp is sealed off. In a short time, varying with 
the different lamps from one to three hours, the vacuum becomes 
poor. All the phenomena of low vacuum take place in light and 
the vacutun is really low, as ascertained by experiments while on 
fhe pump. If now the tube be kept in connection with the current 
it win gradually go through all the changes to a high vacuum, the 
line spectrum will* disappear suddenly and X Rays will appear. If 
fhe bulb be left for 24 hours it requires /^}4 hours continuous con- 
nection with the current to bring it back to the X Ray stage. 
Eighty per cent, of the lamps act in this manner ; it is independent 
of the kind of glass and of many variations made in the pump ; it 
oocnra with, or without, phosphoric anhydride. It would seem that 
fhe effect was due to atomic electrolysis, free atoms being discon- 
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net'leil wilh the etber, only molecules being connected so 3 
produce pressure ou the walls of the lube. 

Anotlier experiment in conuection witli vacuum tubes is wortti 
recording. Edlund's theory, wliich has not yel been refnted 
experimentally, is that a vacuum is a perfect conductor of electri- 
city. As it has beeii found that the resistance of any tube but 
slightly changes when the distance l3etweeii the elettrodcs 
increased and that the whole of the resistance is at the electrodes ; 
also that when the vacuum is so high that no spark can be forwil 
through it. it is easily made luminous by external electrodes, there 
being none in the glass. 1 [i the course of my experiments I olrtainirf 
a very high vacwun through which a la-ineh spark with Leydcn 
jars could not be forced ; neither could any conduction take place 
with estemal electrodes. Tlie tube was always dark. 

It has been stated that alumi num and magnesium electrodes do nnl 
deposit on the glass. In the case of magnesium, bj' several horns' 
spatking there is formed a magnesiiim mirror, of lavender ccilDr 
by transmitted light In the case of Bluminum there is apparently 
nri rlcposil, Mr. Diilly, my glnssMower, by osidb.ing tlie surface of 
a broken tube found that the layer of aluminum was transparent 
and only appeared when oxidized to aluminum oxide, which was 
so thick that objects could not he seen through it. 

I am continuing my investigations in this direction. 



Further experiments with the fluorescence of different chemicals 
under the influence of the X Ray have added a few more to the list 
already published. The following fluoresce ; Cadium tungstate, 
■c lead, saUcv- 
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I have so far found no salt in the following metals to fluoresce : 
Aluminum, antimony, arsenic, boron, beryllium, bismuth, cerium, 
duomium, cobalt, copper, gold, iridium, magnesium, manganese, 
nickel, tin,, titanium. 

The crystals of the following chemicals give spots of light when 
hdd close to the bulb within a dark box. The light has the glow- 
vorm color of phosphorescence, and is due to the electric discharge 
and not to the X Ray : Ammonium, sulpliocyaiiide, calcium 
fonnate, calcium nitrate, iron citrate, silver nitrate, soda, lime, 
sine cyanide, zinc hypermanganate, zinc valeriate. 

With plates of fluorite I have found that the phosphorescence 
penetrates the plate very slowly. If held before a fluorescing tube 
for one minute, the phosphorescence penetrates for 1-16 of an inch 
deep in the plate. This part, when held edgewise, is brilliant ; 
beyond is dark. 



III. 

ROENTGEN RAY LAMPS AND OTHKR KXPERIMENTS. 

A VACUUM tube, the inner portion of which has fused to it 
crystals of tungstate of calcium when exhausted to the X Ray 
Otage, gives out scarcely any of the rays ; on the other hand, the 
tubes shine with a splendid white fluorescence. AVe have here a 
tme fluorescent lamp, possibly commercial, as a very small bulk 
gave in the photometer 2% candle power with an extremely small 
amount of energy. The white light is of a character not unpleasant, 
but quite the contrary. The spectroscope reveals the reason ; the 
iqtectrum has strong red rays. 

Tubes with aluminum electrodes become coated with transparent 
alnmintmi, which, as time goes on, gets so thick as to become 
visible. The X Ray is greatly diminished, not, I think, so much 
on account of absorption of the wave after generation, but through 
lack of elasticity, the concussive action or energy being absorbed 
by deforming the aluminum. 

Silicon carbide is a conductor for high-tension current, a fact pre- 
▼ioualy noted by Tesla. It is a very good conductor. I have sub- 
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stituted pieces of the carbide for alumimim ; no air comes tliere- 
froni ; it does not absorb air ; it cannot be melted, nor does it 
blacken the glass. The voltage can be increased to a point where 
the glass melts. It may possibly prove the most practical substance 
for electrodes in bigh vacua. The only difficulty is the contact 
between the carbide and platinum wire. 

With all glass used for making bulbs the sodium line shows 
in the spectroscope ; there is evidently a decomposition due to tlie 
current, electrolytic or otherwise. Combustion tube glass has the 
least ; lime soda glass, that is, the glass used for dry plate photo- 
graphy, has the most. This latter glass is the most transparent to 
the X Ray. but the continuous decomposition ot the glass makes it 
almost impossible to maintain a vacuum except when connected to 
the pump, and even then the effect of the current is greater in 
producing gas than the capacity of the pump to exhaust, but the 
ray is very [powerful. 

Experiments were made with over twelve hundred substances in 
the fomi of crystals and precipitates. Not one fluoresces through 
thick cardboard when the sources of energy are the arc light, a six- 
inch spark ill air, a vacuum tube with vacuum so high that a ten- 
inch spark leaves it <iark, and the direct rays of the sun from 1 1 till 
3 p. m. 

Another fact supporting the theory that the X Ray is a wave due 
to concussion is that crystals of calcium tungstate are very sensitive 
to agitation or slight friction, giving off light. It is also of interest 
to note that b_\' a properly arranged sensitive flame and phonogra- 
phic listening tubes, my assistants have made it responsive to the 
X Ray. 

IV. 

INFI.UEXCIi OF TEMriiRATl^Rli ON X RAY EFFECTS. 

FrRTHKR experiments witli the X Ray of Roentgen and Lenard 

e brought out some important facts which I think v 
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tnbes and conditiona produced a change in the relative penne- 
ability. 

It occurred to me that a great change might take place if the 
bulb was kept at a low temperature. I accordingly placed a tube 
on the vacuum pump, immersing the tube in a stout battery jar 14 
inches high and 8 inches in diameter, the glass being 5-16 inch 
thick. The jar was filled with heavy paraffin oil. This jar was 
placed in a large glass jar, 12 x 12, thickness of glass ^ inch. 
This outer jar was filled with water and kept supplied with ice. 
When the tube was excited the ray which came through the oil to 
the fluoroscope was of a different character to the ray which 
comes from the same tube in air. The field of the fluoroscope was 
bright, but the hand held in front of it gave scarcely any differen- 
tiation between the flesh and the bone ; one was nearly as transpa- 
rent to the ray as the other. The hand scarcely altered the bright- 
ness of the illumination, and this was true whether the tube was 
made weak or strong. 

A sheet of crucible steel i- 16 of an inch thick, usually cuts off all 
the ray with tube in air. When held between the bulb and fluoro- 
scope, under the new conditions, the steel was quite permeable, 
{^ving a fairly strong illumination of the field. A shadow was cast 
by a piece of steel 2 inches wide by ^ an inch thick. This shadow 
could be seen through % of an inch of steel, not only through the 
oil, but through the oil, water and % of an inch of glass ! 
' In explanation of these phenomena, we may hazard the view that 
either the low temperature of the residual glass and gas bulb has 
increased the length of the waves, or the oil, etc., has absorbed the 
short waves and permitted the long ones to pass. If the first expla- 
nation is correct, a reversal of the condition of the experiment, that 
is, high temperature conditions, should give vshorter waves and 
sharper shadows ; if the second explanation is correct, then all we 
have to do is to find some liquid or material that well absorbs the 
long waves and permits the short ones to pass, thus giving sharj> 
shadows. 

These experiments show that further investigation should be 
made in prismatic analysis with liquids, etc. 

From continued work in this field I find that bulbs which are 
spherical at the point where the maximum fluorescence appears are 
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very liable to be pierced, not by the spark, but by a f 
Ixiiiibardiuent, resulting in tlie heating to the melting point uf ■ 
extremely small part of the glass. 

til most cases, if the center of fluoreEcence is watclied, i 
fltiorescent portion will appear ; if now the power of the coil 
increased there will appear in this iion-ftuorescent area an extreme 
fine point which will grow red hot and be forced inward by the i 
mospheric pressure, I have seen these spots come and perfora 
the bulb within two seconds. I find that it occurs when the ele 
trodes are perfectly flat, and that it proceeds as a thin concentrali 
peucil from the exact center coil is increaseil there will appear; 
this non -fluorescent area of this concentrated bombardment 
increased and the tube can be worked at a higlier power befo 
heating. The best remedy is to permit the central ray to strike tl 
glass at a low angle ; this greatly increases the area, and preven 
the trouble. 
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APPENDIX C 

THE SURVIVING HYPOTHESIS C'OXCERXIXG THE 

X RAYS. 

BY DR. OLIVER LODCE, F. R. S. 

Referring to an article by the writer which appeared some 
months ago ( The Electrician, London, Enj^., Feb. 7), under a title 
akin to the above, in which the present state of our knowledge 
concerning the radiation experimented on by Lenard and discov- 
ered as such by Roentgen was summarized, and an account given 
of the various hypotheses which had suggested themselves, it may 
be not inappropriate to state the present aspect of the matter, now 
that there has been further experimental progress. 

The remarkable discovery of MM. Henry, Niewenglowski, and 
Becquerel that salts of zinc, of calcium, and especially of uranium 
exposed to strong light acquire the power of emitting, both then 
and afterwards, an invisible radiation which can penetrate alumi- 
nium and act on a photographic plate, has greatly strengthened 
the position of those philosophers who maintained that the X Rays 
were of the nature of ultra-ultra-violet light ; and it has done this 
in the following way : — 

The Becquerel rays are capable of some amount of polarization, 
and hence are certainly transverse disturbances, like light ; they 
can also be reflected and refracted to a small extent, whereas the 
X Ra3rs can be hardly at all reflected and not at all appreciably re- 
fracted. Neither kind can be deflected by a magnet, not even in 
a vacuum according to the experiments of M. Lagrange ; and an 
assertion that the X Rays could l>e magnetically deflected after 
passage through an electrified plate has not been substantiated by 
careful experiments, made by the writer among others. Taking 
all these things together, and looking at them in the light of a 
notable dispexsion theory of Von Helmholtz, to which Prof. J. J. 

' The Electrician, Tx^ndon, Eng., July 17, 1896. 
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represent the Appearance of the atoms, and aceordingl^ retardation 
and refraction abruptly disappear together, and true absorptiol 
also nearly ceases. 
To waves penetrating ethereal interstices, matter, even conduct- 
ing niatter, is fairly transparent ; for ordinary ciotions of conduct- 
ivity do not apply to these intermolecular spaces ; electric displao 
ments no longer escite necessary conduction currents, even i 
bodies which in the gross are conductors, and accordingly there is 
little or no dissipation of energy, and any obstruction that eiisls 
to the passage of light of this kind is of the ground-glass or turbid- 
mediurn type, a certain percentage of the energy being scattered 
at each obstacle in all directions, instead of being able to excite 
the material vibrations which we Icnow as heat. 

This is a very bare account of the matter, but it may suffice to 
indicate the sort of view which is now coming to be almost u 
sally held regarding the nature of these no longer quite X Raya 
The proof is not complete, aiid will not be till their length 1 
been measiu-ed, but in all probability they are ordinary transverse 
ethereal waves, moving with tlie customary velocity of light, of 
various grades of wave length down to lo-^m, in length, \ibrating 
therefore some trillions of times in a second ( a trillion being n 
and by the aid of this highest tj-pe of X Ray we ma)- hope in 
future to gain some diffractional insight into the actual structure 
and appearance of the material molecules among which they go. 

In all probability they are excited b)- Hettx vibrations in the 
atoms themselves. Ordinary light may be due to mechanical or 
acoustic atomic vibrations ; but this X kind of light is more likely 
due to electric vibrations, i.e. to surgings of the atomic chaiges. 
A globe of steel vibrating mechanically might excite ether wavesa 
hundred thousand times the sphere in size, if it could excite them 

I at all ; but, vibrating electrically, its radiated ethereal waves would ' 
be not niudi bigger than the sphere itself. In other words, its 
vibration frequency would be multiplied nearlya hundred-thonaand 
foUl. The mechanical vibration of an atom may emit ordinaiy 
light. Its electrical vibration may quite possibly emit X Rays. 
There is not lacking indirect evidence to show that what we a 
atomic weight is approximately proportional to atomic bulk, i. 
that the heaviest atoms are the biggest atoms, and that the actual 
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substance of all matt^ may be much more nearly of one uniform 
density than is commonly supposed. Grant this hypothesis, and 
it is plain why platinum or other dense material appears to be the 
easiest substance in which to excite the necessary electric atomic 
oscillations, by the impact of charged and excessively rapidly 
moving gaseous particles. It also suggests that the gas with the 
most rapidly moving atoms, viz. hydrogen, may be the best sub- 
stance for the vacuum bulbs to contain ; for these would impart their 
chaiges to the large platinum atoms in the most sudden manner. 
It would also be plain why dense bodies should be more turbid 
than rare, and it is not unnatural for the turbidity to be largely a 
matter of atomic weight, i.e. bulk, than anything else, because the 
ethereal interstices required for the passage of the waves would in 
such substances be considerably filled up. 

Calculate the speed of a hydrogen atom in a vacuum tube be- 
tween two electrodes, kept oppositely electrified with a difference 
of potential corresponding to a two-inch spark between flat plates, 
i,e, 150,000 volt^. The atomic monad charge is lo-" electrostatic 
tmit, so the force acting on an atom is 0.3 millionths of a dyne, 
over a range of, say, 5 cm. The mass of the atom is 10-=^ gramme ; 
■O its acceleration is 3X 10^9 C.G.S. units, and hence the speed that 
may be got up in 5 cm. of free path approaches very near the 
velocity of light, say 1*5 x io^° cm. per second. If there are colli- 
sions the speed will be reduced, hence it is probably desirable that 
the gas should be pure, and the neceSvsity for high vacuum is obvi- 
ous. Too high a yacuum reduces the number of impinging mole- 
cules, and so weakens the intensity, but it permits the emission of 
the most penetrating rays, i.e. those with the greatest frequency 
number, or highest up in the spectrum. 

Unless a charge is imparted to a molecule with something ap- 
proaching the above estimated rapidity, it would not be likely to 
have electrical oscillations excited in it ; just as it is only possible 
to excite Hertz vibrations in ordinary small pieces of matter by 
Bome very rapid means of communicating the electricity ; other- 
wise the disturbed electric equilibrium restores itself in a dead- 
beat manner. 

It is likely that the amount of energy thus consumed in the pro- 
dnction of Roentgen radiation is extremely feeble, and that the raya 
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Ihemselves are of low intensity. All that they do 
with the supposition that their activity depends more upon syn- 
chronism than upon violence,^ which is indeed the case with nltra- 
violet radiation of every kind. 

It is worth while to attempt to give rather a better 
the most immediately obvious results of Helmholtz's new dispo'- 
sion theory — one of the last grand pieces of work before his boot- 
less journey to Chicago. But it is to be hoped that a translation 
of the Paper may make it more widely known to English readers. 

Hesulls of Hclmholt=-s Theory. 

Helmholtz's electromagnetic theory of dispersion gives as 1 

refractive index of a quite transparent substance to radiation 

frequency n (that is n rvj per second ) tlie following simple i 



where a and b are two constants depending on the material, and 
to be determined by experiment. 

For very long waves the refractive index is accordingly ab ; iot 
shorter waves it increases at first slowly and then rapidly up to 
infinity, which it reaches when n^b ; it then becomes imaginary 
until n=-a, after which it increases steadily from zero, until [or 
very large values of n. that is, for extremely short waves, it ap- 
proaches the value unity. 

So long as the substance is really transparent it i: 
possible for n to equal h, anil accordingly in such 
such a substance exist, the refractive index merely 
waves get shorter. Bui perhaps a better way of stating this is to 
say that when n approach h it is impossible for the medium 
thoroughly transparent ; and the effect of an absorption or opaci^ 
term is to pull down the infinite i-alue of // to a larf[e 
value, attained wlien n =^b ; and after this, instead of 
imaginary, it rapidly drops down towards zero, which it attains, 
uearly attains, before « =(1, and it then increases a^in, and 
on increasing, tip lo the definite limit i, which it only actuall] 
reaches when n is infinite, la the re^on of the 
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opacity of the medium for waves of that frequency is great, but on 
either side of it the opacity is moderate, and at some distance on 
either side is zero. In other words, a medium is transparent both 
for very long and very short electromagnetic waves ; but while the 
long waves are definitely refracted, the very short waves are not re- 
fracted at all. 

Between these two frequencies there is a region of opacity and of 
anomalous dispersion, and in this region the refractivity may be 
negative, i.e. the refractive index may be less than i, as has been 
actually observed by Kundt to be the case for some metals. Waves 
of high but not ultra-high frequency may be reflected and refracted 
a little, and these correspond with the recent discovery of Becquerel 
and others ; but waves of exceedingly high frequency are barely 
fefracted or reflected at all, and these are the waves of Roentgen. 

The writer suggests that a first estimate of the frequency, and 
therefore of the wave length, could be got by measuring the per- 
centage of X Ray reflected from a substance of known dispersive 
power ; still better by measuring the deviation, if any perceptible 
deviation can be got. Observed deviation, introduced into Helm- 
holtz's formula, would give only a lower limit for the range of 
frequency, and that only by extreme extrapolation, but it would 
be better than nothing. 

Such is a rough account of the theory prepared by the extraor- 
dinary genius of von Helnilioltz, on purely mathematical and 
Maxwellian grounds, in 1893 ! before even the experiments of 
Lenard, and indeed without any likelihood of an idea that the 
waves whose theoretical niche was thus ])rovide(l were so soon to 
be practically displayed in the laboratory as an accomplished fact. 

Addendum. 

It is interesting to look back now to the beginning of the present 
jrear, and see how near the early spectators on the subject of Roent- 
gen's discovery approached to what is now in all probability 
something like the true view of the nature of X Rays. One of the 
earliest published letters was from Prof. Schuster, in Nature ^ Vol. 
LIII. (No. 1369), which may now be referred to ; and an unpub- 
lished letter received by the writer from Prof. FitzGerald in the 
month of January, is so remarkable as closely anticipating the 
16 
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luree of discovery along several lines that the writer thinks he 
It acting wrongly in printing it here without permission. 

"January 24, 1896. 
"About those curious photographs whicli you have sent m 
After a variety of notions ; including a suggestion that they are I 

w form of wave-propagation in the ether by a d" 
sectwn of vortices, which may esist all the same { 
discovery ; and a consideratiou of the possibilities of long » 
acting on silver molecular groups, as the shorter ones act on 
atoms, and their possible shaking being like the rearrangement a 
iron molecules, wlien jarred enabling thein to be magnetized ; ani 
[after considering also] tlie action of coherers, I have d 
these in favor of very short waves, ultra-ultra-violet radiations 
e-length comparable with what would be produced by tl 
Hertzian oscillations of electrical charges on atoms. Such ougU 
I think these are they, 
" Objection No. I. Transparency. — Gold leaf is already 1 
transparent for its conductivity tor light waves ; and waves tl 
could go along in the interstices between molecules, for wbicjl 
matter was a sort of grove of trees with a sound going through it 
1 of turbulent [turbid] medium, — for such a material for suCT 
short waves we might naturally ejqiect a transparency dependinj 
rather on density than on any electrical or chemical properties Of 
the medium. 

"Objection No. 11. No Refraction or ReftecHmt.~'t)\e^,t 
se, go together. If there is no rapid change of medium thi-n 
is neither of tliem, nor polarization. The velocity of propagatioi; 

s between molecules is probably the same a 
free ether, and we could anyway only expect an effect of the si 
kind as Cauchy's term in -. ^ for the dispersion that is added o 

a specific refraction ; and his added effect would be all that would 
exist, and might probably be very small, .w that there would b« 
neither refraction nor reflection. 

" I would suggest trying some experiments with two slits of tl 
diffraction kind ; lo look for a wave-length, though the ft 
of the photos does not give much hope of success in 




" Maybe we may yet teani how to photograph molecules them- 
selves by means of these very short waves. This seems to me b 
very hopeful hypothesis, even though only a few hours old, 

" These ultra-ultra-violet waves may also be the uieans by which 
cathode rays are projected from the outer surface of window*. 
Ultra-violet vibrations discharge surfaces, nltra-ultra ones in»y 
throw off cathode rays, as Lenard has observed." 

Postcard Next Day. — " Since writing to you I have seen Schuster's 
letter in last week's Xalure. It quite expresses my views. Ram- 
say has got a beautifvil hand photograph. Is the effect reveraibk? 
Cathode rays make ultra-ultra-violet radiation— does the radiation 
reproduce cathode rays * Is this the same as discharging surfaces 
by light? G. F. F. G," 

Part of these suggestions remain still unverified, hut there is a 
good deal to be said for them. The discharge of surfaces by light 
is due, according to the writer's experiment, to convection by 
gaseous particles ; auil what arc regularly moving charged g 
particles but a variety of cathode ray? 
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1ST OF RADIOGRAPHS. 

tt I.IFE SIZE, HAynSOMELV MOUXTKD. 

by Prof. WiUiaia J. Mortau, M. S>., Sew Vorb. 

□Ikction of X.Rar pinura is wiihoui doubt ilie largHt and finnl ia 
'Vfin p great variety of lubjecis, cspecinlEy thote Ttlating tn surgical 

Rtnccuracy in defmilJon. add miuiy of his piciul-b T^rn mODlhB Hgo hflvv Dot JWC 

r b»B equalled. He hu paniculnily excelled iu large worL: like ihe picture! of the tninli, 
eic Hi-pi.nures, luiiny of whigbarehsTBenaoiBraled.BrecoraKantly being oddrd lo 
by unique caMj brougtil ID hiui bypliyBidans f.ir X-Ray diaguosia. The value i 
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, foot note should read page 37 instead oF jtage 35. 
T 5. last line should read/oa/- limes instead of twice. 
71, first line should read we bring instead of being. 
83. eighth line should read one-half inch instead of one- 
half inchts. 
8g, last line should read small instead of few. 
1 06, sevenleenth line should read tnp instead of hntto^ 
lit, ninth line should read adapted instead of adoi«tJ 
137, ninth line should read/^. jJ instead of 57. 



upon •eeiDE tliii picture, the auf eeon Bxclainieil, " Thi( i> a wonderful i 
nDn:iayFnl>repL.naf<ipeniion mun be chant-ed. I coutd not have 
ihaiihehonebailbiledloiinile." 

AdoltKlbDW Joint —Old fracture, one yav Handing; Dmciure of lower ' 
endafhiinisniiini) iinionin inalpoiitlou, Anchyloiit and dshoos 
bEtween-adiitianduliia. Tbts? (nlnules npoi»re 

Nvrnwl Adtilt Poot in Shne.— Showini leathtz of inoe. nalli 

Cbllit'a Ankle.— Auchylwii and aciivBdiiEueDrtbe bone 

AdoU Foot.— With needle In i< i formhorlenE '. tap view 

Adult Puot, Saidb P»tlent.-~Side vie>> showing the needle 

Ad^U ITool"— Fetnie, nor^.'v™from mU offoo'i"; !".'."'.' "" 
Atlatt roTOBrm.'Blachgtnlih, gliowltig location oflwo pieces of so 
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